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EXECUTIVE SUMMARY

The middle Samon River — Chamberlain Creek subbsain islocated in centrd Idaho and includes the
main Samon River from the Middle Fork Sdmon River to French Creek. Thisis primarily wilderness
country. Mgjor portions of the subbsain are in either the Frank Church River of No Return Wilderness
or the Gospel Hump Wilderness. There are eight stream segments that are listed on the 1998 303d list
for Idaho. Thelisted stream segments are located in portions of the subbasin primarily outsde of
wilderness aress.

Six north-side tributaries of the Salmon River are listed for sediment. These are Big Creek, Crooked
Creek, Jersey Creek, Big Mallard Creek, Little Malard Creek, and Rhett Creek. Additiondly, Warren
Creek, asouth-sde tributary to the Salmon River, is listed for habitat ateration from its headweters to
the wilderness boundary. The Salmon River is 303d listed from Corn Creek to Cherry Creek for
unknown pollutants.

All listed streams were assessed by 1daho DEQ and determined to be fully supporting their aquatic life
uses, with the exception of Crooked Creek. Additionaly, north-side streams and the Salmon River
were assessed by the Nez Perce Nationa Forest usng NEZSED modeling, BOISED modeling
information provided by the Payette Nationa Forest, and USGS sediment and streamflow data. The
Nez Perce Nationa Forest assessment provides a coarse estimation of sediment yields based on land
use coefficients and natural erosion potentid. Simulations from this modeling suggest these streams may
not produce abundant activity-related sediment, at least not in excess of the modd’ sinherent variability.

Because dl sreams are supporting their agquetic life uses and human activity related sediment yields
appear to be low, it was determined that none of the streams 303d listed for sediment, including the
Sdmon River, were sufficiently impacted to require tota maximum daily loads for sediment. Warren
Creek, isobvioudy dtered by past dredge mining, and is correctly listed for habitat dteration. No total
maximum daily load is required for astream listed for habitat dteration.

During the subbasin assessment, water temperature data indicated the upper portion of Crooked Creek
has €levated water temperatures, which may impact sdmonid spawning throughout the creek. A tota
maximum daily load (TMDL) for temperature in Crooked Creek was calculated based on effective
shade moddling. This TMDL suggests water temperatures need to decrease and effective shade needs
to increase in upper Crooked Creek to achieve anatural water temperature regime. Effective shade
modeling suggests Crooked Creek should have therma loads that vary from 60 to 300 Langleys/day
and effective shade from 50 to 90%. Existing canopy coverage was used to identify problem areas that
may lack effective shade and have increased solar loading in upper Crooked Creek.



Mid-Salmon/Chamberlain Subbasin at a Glance

IDEQ 1998 303(d) List
Mid-Salmon/Chamberlain Subbasin Hydrological Unit Code # 17060207

WQLS Assessment Units of . Year of Stream
|D17060207 Waterbody Boundaries TMDL Pollutants Miles
3346 SL001_07, SL008_07,
SL018 07, SL037_ 07  Salmon River g:)Q(Creek to Cherry 2000 Unknown 76.9
3349 SL067_05, SL068_02, Headwaters to Salmon '
SL068_03, SL06S 04 Crooked Creek River 2000 Sediment 21.25
3351 SL069_02, SL069_03 Big Creek gre:g(waters to Crooked 2000 Sediment 12.25
3352 SL007_02, SL007_03, Headwaters to Habitat i
SL007_03a Warren Creek Wilderness boundary 2000 Alteration 16.15 T
5018 SL061_02, SL061_02a  Big Mallard H_eedwaters to Salmon 2000 Sediment 18.77 A
Creek River A
5099 SL065_02 Jersey Creek :i?/egr\Naas to Salmon 2000 Sediment 765 & 1
5109 SL062_02 ; /
— Little Mallard Hgadwaters to Salmon 2000 Sediment 878 74l
Creek River L
Ll
5156 SL063_03 Rhett Creek :ieedwver aters to Salmon 2000 Sediment 8.39 | ®
i
Changes for 303(d) List Hydrologlc Unit
Based on Mid-Salmon/Chamberlain subbasin assessment Code
(Changes in bolded italics) . .
_ Year of Sream Primary drainage
Waterbody Boundaries TMDL Pollutant Miles
; Listed stream miles
Salmon River Corn Creek to Cherry Creek 2000 UEE;]IL%W 76.9
' Delig Add Beneficial Uses
Crooked Creek Headwaters to Salmon River 2000 Sedi ment Temperature 21.25 Affected
Big Creek Headwaters to Crooked Creek 2000 SeDd?ri:Ztnt 12.25
Warren Cresk Headwaters to Wilderness 2000 Hablt{;t 16.15 QJGCI es of Concern
boundary Alteration
. . De-list
Big Mallard Creek Headwaters to Salmon River 2000 - 18.77 .
g ek Population
Jersey Creek Headwaters to Salmon River 2000 SeDd?ri:Ztnt 7.65
Delig Major land uses
) ) i
Little Mallard Creek  Headwaters to Salmon River 2000 Sediment 8.78 -
Rhett Creek Headw Salmon Ri 2000 Delist 839 Public
et Cri aters to Salmon River Sediment . partici pati on

Main Salmon Chambariain
dth Fisld Hydrologic Unit
10TOG0207

17060207
Main Salmon River

170.14

Cold water biota

Salmonid spawning

Chinook Salmon, Steelhead
Trout, Bull Trout, Westslope
Cutthroat Trout

Lessthan 100

Forestry, rangeland and
recreation

1/17/2001 — 2/19/2001

Two agencies and onetribe
responded




Crooked Creek at a Glance

1998 303(d) listed

stream miles 2125
Geomorphic Third order stream
characteristics Rosgen B Channel
Multiple age classes above and bel ow
Salmonid spawning migration barrier; bull trout observed

below barrier
Macroinvertebrate index scores =

Cold water biota

4.92(lower), 4.46(upper)

Impactsto riparian Placer and dredge mining in upper
area watershed
Listing History

Crooked Creek was placed on the State of Idaho 303(d) list in 1996 by
EPA, it was retained on the 1998 list due to alack of information.

Waterbody Assessments

BURP

= 1997SLEWCO011 MBI 4.92, fines 30%, w/d ratio 36.7

= 1997SLEWCO016 MBI 4.46, fines 18%, w/d ratio 21.6

NPNF

=  Sediment yield 4.4% over base for CEW, 0.7% lower Crooked Cr.,
24% upper Crooked Cr.

»  Temperature exceed criteria for salmonid spawning and bull trout.

Recommendations and Conclusions

Crooked Creek was listed for sediment. However, good macroinvertebrate
scores and low sediment yield overal indicated that the stream should be
de-listed for sediment. Temperature criteria violations led to TMDL for
temperature. An increase in canopy coverage is heeded in upper Crooked
Creek watershed to correct water temperature problems.

Big Creek at a Glance

1998 303(d) listed stream
miles

Geomorphic
characteristics

Salmonid spawning

Cold water biota

Impactsto riparian area

12.25

Third order stream
Rosgen B channel

Rainbow trout and hybrid trout
spawning and early rearing

Macroinvertebrate index score =
5.07(lower), 4.61(upper)

Some minor grazing

Listing History

= Big Creek was place on the State of 1daho 303(d) list in 1996 by EPA,
it was retained on the 1998 list due to alack of information.

Water body Assessments

BURP

= 1997SLEWAO014 MBI 5.07, fines 19%, w/d ratio 17.3
= 1997SLEWAO015 MBI 4.61, fines 15%, w/d ratio 10.8

» NPNF

= Sediment yield 0.7% to 2% over base.

Recommendations and Conclusions

Big Creek was listed for sediment. However, good macroinvertebrate scores
and low sediment yield overall indicated that the stream should be de-listed

for sediment.



Big Mallard Creek at a Glance

1998 303(d) listed

stream miles 1877
Geomorphic Third order stream
characteristics Rosgen C Channel

Salmonid spawning Multiple size classes of brook trout

Macroinvertebrate index scores =

Cold water biota 5,06(lower), 5.31(upper)

Impactstoriparian

Some minor grazing and timber harvesting
area

Listing History
» Big Malard Creek was place on the State of Idaho 303(d) list in 1996 by
EPA, it was retained on the 1998 list due to a lack of information.

Water body Assessments
= BURP
»  1997SLEWC012 MBI 5.31, fines 20%, w/d ratio 10.9
= 1997SL EWCO015 MBI 5.06, fines 19%, w/d ratio 21.8
=  NPNF
= Sediment yield 3.5% over base for CEW.
=  Temperature exceed criteria for bull trout at mouth.

Recommendations and Conclusions

» Big Mallard Creek was listed for sediment. However, good
macroinvertebrate scores and low sediment yield overall indicated that the
stream should be de-listed for sediment. Temperature criteria violations at
mouth are probably not in spawning areas.

Little Mallard Creek at a Glance

1998 303(d) listed stream

X 8.78
miles

Geomorphic Second order stream
characteristics Rosgen A channel

No fish observed; migration barrier at

Salmonid spawning mouth

Cold water biota Macroinvertebrate index score = 4.25

Some minor mining, grazing, timber

Impactstoriparian ar .
pactsto riparian area harvesting

Listing History
= Little Mallard Creek was place on the State of Idaho 303(d) list in 1996
by EPA, it was retained on the 1998 list due to a lack of information.

Water body Assessments

BURP
= 1997SLEWAO017 MBI 4.25, fines 18%, w/d ratio 30.1
= NPNF
= Sediment yield 2% over base.

Recommendations and Conclusions

Little Mallard Creek was listed for sediment. However, good
macroinvertebrate scores and low sediment yield overall indicated that the
stream should be de-listed for sediment.



Jersey Creek at a Glance

1998 303(d) listed

streammiles e

Second order stream
Rosgen A Channel

Rainbow trout, cutthroat trout, steelhead
rearing

Geomorphic
characteristics

Salmonid spawning

Cold water biota Macroinvertebrate index scores = 4.93

Impactstoriparian

Some minor mining and timber harvesting
area

Listing History
= Jersey Creek was place on the State of Idaho 303(d) list in 1996 by EPA, it
was retained on the 1998 list due to alack of information.

Water body Assessments
= BURP

= 1997SLEWC014 MBI 4.93, fines 4%, w/d ratio 23.1
= NPNF

»  Sediment yield 3.8% over base.

Recommendations and Conclusions

=  Jersey Creek was listed for sediment. However, good macroinvertebrate
scores and low sediment yield overal indicated that the stream should be
de-listed for sediment.

Rhett Creek at a Glance

1998 303(d) listed stream 839
miles
Second order stream

Rosgen B channel

Geomorphic
characteristics

Multiple age classes above and below

SALECIE PRI migration barrier

Cold water biota Macroinvertebrate index score=5.13

Some minor mining, grazing, timber

Impactstoriparian ar .
pactsto riparian area harvesting

Listing History

Rhett Creek was place on the State of Idaho 303(d) list in 1996 by EPA, it
was retained on the 1998 list due to a lack of information.

Water body Assessments

BURP

= 1997SLEWAO013 MBI 5.13, fines 23%, w/d ratio 39.4
NPNF

= Sediment yield 0.7% over base for CEW.

Recommendations and Conclusions

Rhett Creek was listed for sediment. However, good macroinvertebrate
scores and low sediment yield overal indicated that the stream should be
de-listed for sediment.



Salmon River at a Glance

1998 303(d) listed

streammiles feil

Geomorphic

characteristics Major River

. . Anadromous and resident salmonid
Salmonid spawning migration

Cold water biota Macroinvertebrate index scores = NA

Impactstoriparian

area Some minor homesteading and recreation

Listing History
=  Samon River was place on the State of Idaho 303(d) list in 1996 by EPA, it
was retained on the 1998 list due to a lack of information. Listed pollutants

are unknown.
Water body Assessments
= BURP

= NA
= NPNF

= Sediment yield - minimal contributions from subbasin activties.

Recommendations and Conclusions

=  Samon River was listed for unknown pollutants. However, low sediment
yield overall and the lack of other documented problems within the subbasin
indicated that the river should be de-listed.

Warren Creek at a Glance

1998 303(d) listed stream 1615
miles
Third order stream

Rosgen A-C channel

Geomorphic
characteristics

Several salmonid species observed

SALECIE PRI below migration barrier

Macroinvertebrate index score =

Cold water biota 4.99(upper), 4.93(lower)

Impactsto riparian area Some major mining, timber harvesting

Listing History
=  Warren Creek was place on the State of Idaho 303(d) list in 1996 by EPA
for habitat alteration, it was retained on the 1998 list due to a lack of

information.
Water body Assessments
= BURP

= 1997SL EWA022 MBI 4.99, fines 5%, w/d ratio 42.3

= 1997SL EWAO023 MBI 4.93, fines 8%, w/d ratio 55.7
= PNF

= Sediment surface fines 15% or less.

Recommendations and Conclusions

=  Warren Creek was listed for habitat alteration. Good macroinvertebrate
scores and low surface fine sediment indicated that the stream does not
have a sediment problem. However, the stream should remain listed for
habitat alteration due to extensive dredge mining.



MIDDLE SALMON RIVER-CHAMBERLAIN CREEK
SUBBASIN ASSESSMENT

The middle SAlmon River-Chamberlain Creek subbasin (Hydrologic Unit Code #17060207) (from
here on referred to as the SAmon- Chamberlain subbasin or, on maps, Main Samon -

Chamberlain) isin north-central 1daho (Map 1-Subbasin Location). The maingem Samon River
originates in the Sawtooth and Lemhi Valeys of centra and eastern Idaho. The area under
condderation includes the middle segment of the main SAmon River and its tributaries from its
confluence with the Middle Fork Salmon River to, but not including, French Creek. Hoating
downstream and entering the subbasin from the eadt, the first few sub-watersheds encountered include
Corn, Bear Bagin, and Kitchen Creeks, and the last few watersheds before leaving the subbasin on the
western edge are Wind River, Carey and Fall Creeks (Map 2—Surface Water Hydrology). The Samon
River flows through a vast wilderness (Frank Church River of No Return Wilderness and Gospe Hump
Wilderness) in the Salmon River Gorge, second deegpest gorge in the lower 48-contiguous states, more
than one mile deep.

PHYSICAL AND BIOLOGICAL CHARACTERISTICS
CLIMATE

Northern Idaho climate is dominated by Pacific maritime air masses and prevailing westerly winds.
Precipitation at Dixieis nearly 30 inches annualy, but a higher elevations can be as high as 50 to 60
inches annualy (NPNF, 1999a). Mid- to high-elevation precipitation is generdly high enough to
support forested ecosystems. Annua precipitation at lower devationsisin the range of 15 to 25 inches
(NPNF, 1999a) The subbasinistypica of many central 1daho drainages: rdatively high mountains with
large snowpack giving way to warmer, drier canyons at lower devations. Temperature and
precipitation normas for three climatologica gationsin or near the subbasin are presented in Table 1.

Table 1. Normalsfor precipitation and temperatures 1961-1990 (From: Abramovich et al., 1998).

Station | ID Hev. | La. Long. Mean Totd Mean Ave. Ave.
Name | No. | (feet) Annud | Ave. Annud | Annud | Annud
Precipt. | Showfdl | Temp. | Daly Daly
(inch) | (inch.) (°F) Max. °F | Min.°F

Dixie 2575 | 5620 | 45:33 | 115:28 | 29.60 206.8 35.8 50.7 20.9

Riggins | 7706 | 1800 | 45:25 | 116:19 | 17.45 7.9 54.0 65.8 42.1

Warren | 9560 | 5910 | 45:16 | 11540 | 27.10 177.3 37.5 53.5 21.4




Map 1. Location Map
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Map 2. Surface Water Hydrology
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Main Salmon Chamberlain Hydrologic Unit
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Explanation
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Elevations within the subbasin range from around 1900 feet at the mouth to over 9000 feet in the
mountains a the east end of the subbasin. Climate ations at Dixie and Warren represent the mid-
rangein eevation. Higher devationsin the subbasin would be expected to be cooler with higher annua
precipitation. The Riggins dation isa alower devation than the subbasin; however, it reflects the drier,
warmer conditions present in the canyon near the mouth of the subbasin.

HYDROLOGY

The U.S. Geologicd Survey (USGS) gage station for White Bird (Table 2) (Map 3CUSGS Gaging
Stations) which is downstream from the subbasin and other USGS gation data from tributaries in and
around the subbasin (Table 3) give some indication of the flows experienced within this subbasin. The
drainage area above White Bird is 13,550 square miles (mi?) and includes most of the Salmon River
basin from Stanley to White Bird. This gaging station records the accumulative flow of the Sdmon
River originating near Galena Summit and includes the North Fork, Middle Fork, South Fork, the Little
Sdmon River, Lemhi River, Pahameroi River and the many tributaries. With an average annua mean
flow over 11,000 cubic feet per second (cfs) a White Bird, more than haf this flow (6400 cfs) is added
by the SAmon River basin above the SAmon-Chamberlain subbasin, the Middle Fork, and the South
Fork. Theremaining 5000 cfs comes from the subbasin and Panther Creek, Little Sdmon River, and all
the tributaries between the subbasin and White Bird. Five and ten year peak flows approximate 80,000
to 96,000 cfs (Table 4).



Table 2. Downgtream How and Basin Runoff - Sdmon River a White Bird, ID, USGS Station #
13317000. Ac-Ft = Acre-feet; CFSM = cubic feet per square mile.

Years | Average | Highest Annud | Lowest Annud Runoff | Annud Annud
Annud Mesan (cf9) Annud (Ac-Ft) Runoff Runoff
Mean Mean (cf9) (CFSM) | (Inches)
(cf9)

1910- | 11210 17870 (1997) | 5812 (1931) | 8124000 0.83 11.25

1998

Map 3. USGS Gaging Stations
Main Salmon - Chamberlain Area USGS Gaging Stations
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Table 3. Contributing Howsin and Around the Subbasin.

Station Name | Station # Data Y ears Average Highest annual | Lowest annual
Annudl (cf9) flowincfs(year | flowincfs(year

of occurrence) of occurrence)

Sdmon R 13307000 1944-1981 3037 4513 (1965) | 1813 (1977)

near Shoup

MF Samon | 13310199 1993-1996 | 1753 2151 (1995) | 1355 (1994)

R. a mouth

SF Samon 13314300 1993-1996 1645 2327 (1995) | 963 (1994)

near Warren

Warren Cr. 13314500 1943-1949 48 71 (1948) 30 (1944)

Near Warren

Table 4. Magnitude and Frequency of Instantaneous Peak Flow.

Station Name | Station# | Period of Discharge (cfs) by Frequency of Occurrence (years) and

Record Probability of Exceedance (%)

2 (50%) 5(20%)  10(10%) 25(4%) 50 (2%)

Panther Cr. 13306500 | 1945-1977 | 1,740 2,500 |2980 | 3,550 3,960
Near Shoup
SdmonR. 13307000 | 1945-1981 | 13,400 | 18,200 | 21,000 | 24,400 | 26,700
near Shoup
SF Samon 13314000 | 1932-1948 | 11,600 | 15,100 | 17,300 | 19,900 | 21,700
near Warren
Sdmon R. 13315000 | 1945-1956 | 61,300 | 75,000 | 82,800 | 91,500 | 97,300
near French
SdmonR.a | 13317000 | 1894, 61,300 | 82,900 | 96,000 | 111,000 | 122,000
White Bird 1911-1917,

1920-1997

The Sdmon River canyon is steep and rocky, with an average gradient of approximately 0.23%, and
the channd dternates between large pools and boul der-dominated rapids (Clearwater Basin Bull Trout
Technical Advisory Team, 1998). The hydrology of tributaries tends to be dominated by snowmelt
runoff from the Sawtooth and Salmon River Mountainsin the south and the Clearwater and Bitterroot
Mountainsin the north. Snowmelt runoff generdly produces high-gradient, high-energy stream systems.
Gradients average 7.7% for first and second order streams.
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GEOLOGY AND GEOMORPHOLOGY

The geology of the subbasin is a combination of 1daho batholith (mostly Cretaceous aged rock; green,
blue, and sdmon colors on Map 4) and metamorphic Precambrian basement rocks (shades of gray and
maroon colors on Map 4) that intergrade with each other throughout the area (Map 4—Bedrock
Geology). The SAmon River flows through an areareferred to as the Sdmon River Arch, an expanse of
Precambrian basement rock considered to be old continental crust that separates the northern and
southern parts of the Idaho bathaolith (Alt and Hyndman, 1989). The Precambrian basement complex is
mostly comprised of 1,500 million-year-old gneiss and schists, metamorphosed from much older rock
under intense heat and pressure.

The Idaho bathalith is a pde greyish granite gpproximately 75 million years old (Alt and Hyndman,
1989). It is made up primarily of feldspar crystas intergrown with quartz. Throughout the rock are
scattered black-colored crystas, either flakes of biotite mica or needles of hornblende. Severd
thousand feet thick, the Idaho batholith=s sheets of granite resulted from an intruson of magmarisng up
from below. Asthe magma encountered native rock of smilar density, it spread out horizontally in the
subsurface underlying large expanses of centra Idaho. The Samon River Arch isthought to be a broad
anticline that warped the granite sheet upward, thus alowing it to erode and expose the underlying,
older metamorphic basement rock. A few mileswest of French Creek, the canyon cuts through the
suture zone between the former western coastline of the continent and an old chain of volcanic idands
which became the Seven Devils complex. These volcanic idands accreted onto the side of the continent
at a subduction zone between colliding crustd plates. Presumably, the subduction of oceanic crust
under the continent led to the melting and rising of magma to form the batholith which appeared soon
after the joining of the Seven Devils complex (Hyndman, 1989). Down the Sdmon River canyon
towards French Creek, the pale grey granite of the batholith gives way to darker mylonite, sheared
granite caused by the collison and subduction.

The moderately well-weethered crystdline rock is highly erodible, generating sand and gravel-sized
sediment throughout most of the northern upland areas of the subbasin. Natural sediment sourcesin the
rolling upland channel reaches are channd erosion and, to alesser extent, surface eroson. Surface
eroson is generdly inhibited by avolcanic-rich soil layer that acts as a buffer in undisturbed aress.
Sediment trangport occurs primarily during the spring runoff and often as aresult of summer
precipitation events. Mass wadting is generdly consdered ardaively insgnificant source.

On the north side of the subbasin, the Nez Perce Nationd Forest has identified four natura
dratifications within the scope of this Subbasin Assessment, which are represented by Landform
Groups (Map 5-Nez Perce Nationa Forest Landform Groups). A landform group is based upon
geomorphology, geology, sream morphology, vegetation, disturbance regimes (including fire),

and climate. A full description and discussion of the four landform groups including compaosition,
Sructure, function, and the range of naturd varigbility of each ecological systemis provided in Biologica
Assessment Main Sdmon River Tributaries (Northeast) Watershed Analysis Area (NPNF, 1994).
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Map 4. Bedrock Geology
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Map 5. Nez Perce National Forest Landform Groups
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Landform Group One (LFG-1) is characterized by ralling upland hills derived from moderately well
westhered granite, which is highly erodible. Under natural conditions, surface eroson occurs as a
response to wildfire. Generdly, the ability of riparian vegetation to recover after disturbance islimited
due to low soil productivity. LFG-1 occursin three primary aress of the subbasin: upper Crooked
Creek valley bottom, including the lower reaches of Crooked Creek's numerous tributaries, a smdl
portion of Big Mdlard Creek near Jack Creek, and upper Rhett Creek. The hydrology of LFG-1is
dominated by snowmelt. The eevation ranges from 5,000 to 6,500 feet above sealevel.

Landform Group Two (LFG-2) is characterized by rolling upland hills with low to moderate relief, with
dopes between 20 and 50% and dendritic drainage patterns at the 1st and 2nd order. Parent materias
are moderately-to well-weathered granite, gneiss, schigt, and quartzite, which are highly fractured. The
soils are generdly capped by a volcanic ash and buffered against surface erosion unless disturbed. The
hydrology is dominated by a dow and sustained snowmelt. LFG-2 occurs in the upper haf of severd
drainages. Big Creek and Crooked Creek, Little Mdlard, Big Mdlard, and Jersey. The devation ranges
from 5,000 to 7,600 feet above sealevel. Landform Group Three (LFG-3) is characterized by steep to
very steep stream bresklands and mountain dopes aong the mainstem Samon River. Parent materias
are moderately well- weethered granite, gneiss, schigt, and quartzite. These surfaces are highly erodible,
especidly aong the steepest south aspects, generating mostly sand and cobble-sized materids. Where
soil occurs, they are shdlow to moderately deep over the bedrock. Slopes range from 40 to 80% with
parale drainage channds. LFG-3 occurs along the maingem Sdmon River, the lower two miles of its
tributaries, aswell a the lower haf of large drainages such as Crooked, Sabe, and Bargamin. Much of
this landform is contained within the Gospel-Hump and Frank Church wilderness areas. The eevation
ranges from 2,000 to 6,800 feet above sealevel.

Landform Group Four (LFG-4) includes apine glaciated lands from 6,800 to 8,900 feet in elevation.
This group includes the upper reaches of the Wind River, Sheep Creek, Crooked Creek, and Sabe
Creek drainages. The areais characterized by steep ice-scoured cirques and troughs and gently doping
ice scoured ridges, valey bottoms, and moraine deposits. Parent materias are poorly- to well-
weethered hard crystdline rock, including granite, gneiss, schit, and quartzite, highly erodible except
with enough rock to buffer movement. Soils are shallow with some deeper pockets and volcanic ash
tends to be intermixed rather than layered.

TOPOGRAPHY

The hills surrounding the SAmon River canyon are softly rounded haystacks in gppearance and
composed of athick mantle of soil and weathered rock. The thick soil dong with sufficient precipitation
dlowsfor the near complete forested canopy. The western and southern portions of the subbasin are
underlain by batholith, which erodes to granular sugar, giving the hills their soft, rounded appearance.
The older metamorphic basement rock found in the lower canyon and on the north side above Sabe
Creek give theriver's edge its digtinctly rugged appearance.
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Therolling uplands vary in devation from greater than 9000 feet at Cottonwood Buitte in the southeast
to 6700 feet a Black Butte on the western edge of the subbasin. Elevationsin the canyon at the river=s
edge vary from near 3000 feet at the eastern end of the subbasin to gpproximately 1900 feet at the
western end. Typicdly, face drainages and the lower portions of mgor drainages are higher gradient as
water runs off the ralling highlands and then plunges into the degper canyon to join the SAmon River
(Map 6—Sope Didribution). Drainages run basicaly north-south in the subbasin with those on the
north side of the canyon draining south and the south side of the canyon draining north. North-south
drainages create more east- and west-facing dopes. In generd, north-facing dopes are the coolest and
south-facing dopes the warmest, sSince they receive more direct sunlight. East- and west-facing dopes
are more intermediate with west-facing dopes dightly warmer as late afternoon sun tends to cause
warmer air temperatures.

VEGETATION

The subbasin is substantialy forested, but the lower devation canyon wals, along the Sdmon River
epecidly, are often in shrublands, sagebrush (Artemisia sp.) and/or mountain mahogany (Cer cocar pus
sp.) (Map 7-Land Cover Classfication). The principle forest types are ponderosa

pine (Pinus ponderosa) within drier devations at 2,000 to 6,500 feet, especialy on the south sde

of the SAmon River; Douglasfir (Psuedotsuga menziesii) on more mesic Stes, mixed coniferswith a
predominance of grand fir (Abies grandis) at mid-elevations between 4,500 to 6,500 feet; and
subdpinefir (Abies lasiocarpa) at higher elevations above 6,500 feet (Stecle et d., 1981; NPNF,
19994). In addition, a number of other conifers may be present in mixed communities or localy
dominant, including western larch (Larix occidentalis), lodgepole pine (Pinus contorta), whitebark
pine (Pinus albicaulis), western white pine (Pinus monticola), and Engelmann spruce (Picea
engelmannii).

Fire cycles vary consderably between lower devation canyon shrublands and higher eevation forests.
Breaklands may have experienced short interval (10 to 20 years) cool surface fires on southern aspects
before fire suppression (NPNF, 1994). Many of these smdler fires may have been started by
indigenous peoples. Upland stand-replacing natural fires occur every 117 to 150 years, and 174 years
or more for valey bottoms (NPNF, 1994). Forested communities at higher elevation glaciated lands
experience fire every 100 to 150 yearsin lodgepole, 200+ yearsin riparian areas (NPNF, 1994). The
open whitebark pine/subdpine fir communities a ridge-tops experience smdl infrequent fires because of
discontinuous fuel digtribution and cooler temperatures. Stand-replacing fires were infrequent in these
ridge-top aress, with fire-free intervas ranging from 63 to 300 years (NPNF, 1994). Shrublands
dominated by sagebrush/bunchgrass may experience fires every 40 to 100 years. Because of fire-
suppression efforts, the number of acres burned in the last 125 yearsisfour timesless than for smilar
periods in pre-settlement times. Thefire cycle today is considered to be afour-fold reduction in acres
burned or 125 years, compared to that for pre-settlement times.

16



Map 6. Slope Digtribution
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The year 2000 fire season has proved to be one of the largest in recorded history. Portions of this
subbasin have been burned in 2000 primarily in the Payette National Forest. The Burgdorf Junction fire
burned over 64,000 acres between July 15, 2000 and September 4, 2000 (Payette Nationa Foret,
2001). The mgority of the burned areaincludes most of the Cdifornia Creek watershed, the northern
half of the Carey Creek watershed, and a portion of lower Warren Creek watershed. Thamgority of
thefire areain this subbasin has been categorized as low intensity burn (unburned to <50% scorched
canopy) (BAER Team, 2000). Smdler areas of moderate intengity burn exist in portions of Cdifornia
Creek watershed, especidly near the headwaters. Effects of wildfires on listed watershedsis rdatively
minor due to low intengity burnsin asmdl portion (11%) of Warren Creek drainage (Zuniga, 2001).
Moderate intensity burns occurred on 2% of the Warren Creek watershed. Planned restoration
activitiesin the Warren Creek drainage include severd miles of trail relocation and probably some road
maintenance (Zuniga, 2001). Littlefire rehabilitation is necessary in Warren Creek because the area
burned is primarily roadless and the fire intendty was low (Zuniga, 2001).

Because the subbasin is predominantly in designated wilderness (61% of totd areg), very little timber
harvesting has occurred. The Nez Perce Nationa Forest reports some 3,000 acres (<1% of tota area,
2% of non-wilderness nationa forest area) have been harvested, primarily by clear-cut logging from the
area on the north Sde of the Salmon River between Wind River and Sabe Creek (NPNF, 1994).
Between 1970 and 1998, 14,000 acres per year (less than 1 percent) were burned on average, mostly
in wilderness (USFS, 1999).

FISH

The free-flowing nature of the main SAmon River and the abundance of wilderness area meansthis
subbasin islikely to contain some of the better conditions for native fisheriesin the sate. Many streams
provide habitat for spawning and early rearing for anadromous fish. Native fish reported to inhabit the
subbasin include: sockeye sdmon (Oncor hynchus nerka), northern pikeminnow (Ptychocheilus
oregonensis), mottled sculpin (Cottus bairdi), shorthead sculpin (C. confusus), torrent sculpin (C.
rhotheus), speckled dace (Rhinichthys osculus), longnose dace (R. cataractae), leopard dace (R

fal catus), Pacific lamprey (Entosphenus tridentatus), mountain whitefish (Prosopium williamsoni),
westd ope cutthroat trout (O. clarki lewisi), redband trout and steelhead (O. mykiss), fal, spring-
summer chinook samon (O. tshawytscha), bull trout (Salvelinus confluentus), redside shiner
(Richardsonius balteatus), bridgdip sucker (Catostomus columbianus), largescale sucker (C.
macrocheilus), mountain sucker (C. platyrhynchus), and white sturgeon (Acipenser transmontanus)
(Leeet d., 1980; Smpson and Wallace, 1980; Clearwater Basin Bull Trout Technical Advisory Team,
1998).

Non-native and hatchery fish have been introduced into various areas within the subbasin. Mot dpine
lakes origindly did not contain native fish. Introduced species include brook trout (S. fontinalis),

Y dlowstone cutthroat trout (O. clarki bouvieri), and rainbow trout (O. mykiss) (Payette National
Forest, 1999).
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The Main Sdmon River Bull Trout Problem Assessment (Clearwater Basin Bull Trout Technica
Advisory Team, 1998) has identified seventeen bull trout sub-watersheds in this subbasin. Most were
described as subadult and adult rearing areas, dthough five watersheds (Bargamin, Sabe, Chamberlain,
Warren, and Fal Creeks) were identified as spawning and early adult rearing arees. Native fisheriesin
the Bargamin and Sabe watersheds appear to be the most productive. Bull trout spawning is suspected
in the lower reaches of Crooked Creek (Clearwater Basin Bull Trout Technical Advisory Team, 1998).

Bull trout spawning is suspected in Sheep Creek and Wind River. Carey Creek gpparently has no bull
trout, and a possible migration barrier to other speciesa mile 5.5. No information is avallable for
Harrington Creek. The main Salmon provides subadult and adult rearing habitat for bull trout as well as
connectivity for the movement of fish throughout the subbasin.

Designated criticd habitat for chinook salmon extends from the mouth of the Sdmon River through this
subbasin, and includes many sreams ble to sdmon (Clearwater Basin Bull Trout Technica
Advisory Team, 1998). According to the Bull Trout Problem Assessment, chinook salmon spawning or
juvenile rearing have been detected in Bargamin, lower Crooked, Sheep, Rhett, Little Malard and Big
Mallard Creeks, and lower Wind River watersheds. Steelhead have been found in Sabe, Bargamin, Big
Mallard, lower Sheep, and lower Wind watersheds. Additionaly, Chamberlain Creek and West Fork
Chamberlain Creek have sgnificant spawning and rearing for chinook salmon and stedhead (A.
VanVooren, pers. comm., 2000). Cutthroat trout are documented in Sabe and Big Mallard watersheds
(Clearwater Basin Bull Trout Technical Advisory Team, 1998). Fal chinook sdmon have been
reported in the Sdmon River just downstream of Mackey Bar. Redds were observed that were
probably made by fdl chinook sdmon (A. Van Vooren, pers. comm., 2000).

Crooked Creek has a possible migration barrier 3/4 miles below Big Creek, with steelhead and bull
trout below the barrier and resident and hatchery rainbows, cutthroats and possibly some
rainbow/cutthroat hybrids above the barrier (NPNF, 19998). The 10,000 acre Jersey Creek drainage
has steel head/rainbow juveniles and no barriers, but no bull or cutthroat trout were observed (NPNF,
19994). Crooked Creek is considered important in terms of fish production due to both its size and
bility to the mainstem Salmon River (USFS, 1999). The sub-watershed supports spring/summer
chinock salmon, rainbow/steelhead trout, westd ope cutthroat trout, and bull trout.

Rhett Creek supports juvenile spring/summer chinook rearing at the mouth (NPNF, 1994). Rhett Creek
has a barrier a 0.7 mile from the mouth. Steelhead spawning occurred in the lower haf-mile and
cutthroat and bull trout were present when sampled by the Forest Service; no chinook were observed
however (NPNF, 1999a). Additionaly, bull trout sub-adult and adult rearing may occur.

Little Malard Creek has a barrier ¥mile from the mouth according to the Forest Service.
Steelhead/rainbow and bull trout have been observed, but not chinook or cutthroat trout (NPNF,
1999a). However, the creek supports juvenile spring/summer chinook rearing at the mouth. Subadult
and adult bull trout are located below the falsin the lower reach near the confluence (Clearwater Basin
Bull Trout Technical Advisory Team, 1998). A fish population does not exist above the fdls. It isnot
clear why, but perhaps fish were not able to migrate into the stream prior to the formation of the barrier,
nor have there been any introductions or those successfully reproducing. Various sdmonids are dso
found in the Wind River and Meadow Creek.
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LAND OWNERSHIP AND LAND USE

The subbasin is consdered amost entirely forested land use (Map 8—Landuse Classfication). Many
watersheds experienced mining in the pagt, with some mining activities fill in exisence today. In
particular, larger mining areas include the Marshdl Mountain area, Warren Creek, and the vicinity of
Dixie. Commercia logging is not planned for the foreseeable future in the Nez Perce National Forest
between the two wilderness areas in the vicinity of Dixie (Cove-Mdlard) (Bernhardt, 2001). Timber
harvest has occurred in recent times (1990's) on about 3,000 acres of the Cove-Mallard area (NPNF,
1994). Higtoricaly, much of this subbasin has been used for grazing. Thereisa5,000 acre areain the
upper Chamberlain fifth fiedd HUC identified as rangeland on the land use map. Thisis probably alarge
meadow referred to as the Meadow of Doubt. This meadow iswithin the Frank ChurchCRiver of No
Return Wilderness.

A large portion of these Forests are managed as wilderness. The Frank ChurchCRiver of No Return
Wilderness flanks both sides of the Sdmon River from Corn Creek to the vicinity of Mackay Bar (Map
9-Landownership). At Crooked Creek, the Gospel Hump Wilderness begins on the north side of the
river; the south side continues to be the Frank Church Wilderness (Map 10-Wilderness Protection
Areas). Of the 2.3 million acresin the Frank Church Wilderness, 105,000 acres are in the Nez Perce
Nationa Forest, dl in this subbasin. Gospd Hump Wildernessis 200,464 acresin Sze and mosily in
this subbasin. Wilderness boundaries end where the Wind River enters the Sdmon River. The
remaining sretch of the Sdmon River from the Wind River to the mouth of the subbasin near French
Creek is primarily Nationa Forest outside of wilderness boundaries. The Warren Creek and Carey
Creek drainages on the southwest end of the subbasin are primarily outside of wilderness, asis Corn
Creek, Bear Basin Creek and the top end of Horse Creek on the east end of the subbasin.

The subbasin isdmogt entirely federa land (98%), mostly in the Nez Perce and Payette National
Forests. The north side of the Sdmon River isin the Nez Perce and Bitterroot National Forests

and the south sde in the Payette and Salmon-Challis Nationa Forests. Forest boundaries split the
northern half of the subbasin at Sabe Creek with the west Sde in the Nez Perce and the east Side in the
Bitterroot National Forest. The Payette and Salmon National Forests common boundary occurs at
the eastern edge of the Cottonwood Creek drainage near the eastern end of the subbasin. Therearea
number of smdl private holdings within the subbasin, most less than 500 acresin Sze. Many of these
holdings have, and continue to be, used for mining activities. The Bureau of Land Management (BLM)
has an 11,000 acre area that contains the Marshall Mountain mining area. The State of Idaho aso
owns asection withinthisBLM area
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Map 8. Land Use Classification
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Map 9. Land Ownership
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Map 10. Wilderness Protection Area
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Mogt of the subbasin iswithin Idaho County, county seat Grangeville. Population of the county is
currently around 15,000, 77% of which isrurd (Idaho Dept. of Commerce, 1999). A small portion of
the east end of the subbasin, the Horse Creek sub-watershed and half of Kitchen Creek sub-
watershed, isin Lemhi County. The extreme southern tip of the Warren Creek sub-watershed extends
into Valey County. There are no incorporated cities within the subbasin. Riggins and Whitebird are the
closest incorporated cities outside of the subbasin. Place namesin the vianity which may have
permanent inhabitants include Warren, Burgdorf, Dixie, and Orogrande. The 1990 Census indicated
that Dixie had 10 resdents, and Warren had 35. Elk City and Orogrande, north of Dixie and outside of
the subbasin, had populations of 450 and 10, respectively, in 1990. Mot jobs are related to timber,
mining, livestock grazing, recreetion, or government agencies.

The Sdmon River isamgor recregtiond destination. The Sdmon River has a 66-mile corridor
desgnated as a Wild and Scenic River including mogt of the section flowing through the subbasin. Wild
and Scenic River gatus includes a quarter-mile corridor on either side of the river from the western edge
of the subbasin to Cherry Creek. Thisfree flowing river provides extraordinary whitewater rafting
opportunities. Thousands of people float the river annudly (Nationa Park Service, 1999).
Additiondly, many people enjoy the canyon for hiking, horse packing, and jet boating. Forest service
permits administered by the Nez Perce and Sdmon-Challis Nationa Forests are required during the
period from June 20 to September 7, for both float boats and jet boats on the wild section of the river
through the subbasin. All wastes, including human excrement, must be carried out by floaters.
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SUB-WATERSHED DESCRIPTIONS

Many of the descriptions of activities, disturbances, and associated water quaity effects found in this
section are informationa or anecdotal descriptions, and should not be interpreted as verified water
quaity standards violations or beneficid use impairments.

The subbasin can be divided into 18 sub-watersheds or 5th fied hydrologic units (Map 2). On the north
sde of the Salmon River are the Wind River (includes Meadow Creek), Sheep Creek, Crooked Creek
(includes Big Creek), Big Mallard Creek, face drainages (includes Jersey, Rhett, Little Malard)
Bargamin Creek, Sabe Creek, and ‘Horse Creek sub-watersheds. A summary of most north-side
watershedsis provided in Table 5. On the south side of the river are Carey Creek (includes Fall

Creek), Warren Creek, "Upper Chamberlain Creek, ‘LLower Chamberlain Creek, and *Cottonwood
Creek sub-watersheds. Straddling both sides of the Sdmon River are Bull Creek (includes Cdifornia
Creek), Rabbit Creek, face drainages (includes Fivemile, Lemhi, Trout, and Richardson Creeks),
!Dillinger Creek (includes Harrington Creek), *Disappointment Creek, and *Kitchen Creek (includes
Corn Creek) sub-watersheds.

These sub-watersheds vary in size from 84,483 acres (Crooked Creek) to approximately 6,000 acres
for some of the face drainages (NPNF, 1994, see Table 5). Many of the sub-watersheds have low
road densities (<1 mi/mi®), low disturbances (<5% of area), and very little private land. Natural
sediment yidlds, as predicted by NEZSED, vary from 44.6 tong/'square milelyr for Bull Creek, one of
the smaller sub-watersheds, to 10.4 tons/square milelyr for the Big Mallard sub-watershed (Paradiso,
2000). Naturd sediment yield is generdly around 40 to 60 pounds per acre per year. Smdller face
drainages may produce up to 140 pounds per acre per year. The assumptions used in NEZSED
modeling are many and greet, and there is a great dedl of uncertainty associated with the figures.

| nterpretation should be cautious and the results treated as crude estimations at best (NPNF, 1994).

Tributaries to the SAmon River tend to be mountainous, high gradient, high energy streams dominated
by snowmelt runoff. These streamstend to be in V-shaped valleys, of stream type Rosgen (1994) A2 -
A3or B2 - B4 (NPNF, 19994), and with low sinuosity (Table 6). Gradientsin Table 6 vary from as
high as 12% in first order streamsto aslow as 1 to 2% &t third order streams.

The steep breakland channd reaches are separated from the rest of the watershed by a series of steep
cascading fals which serve as barriers to anadromous and fluvid fish migration up-gradient. The steep
A-type channds in the breaklands are high energy and capable of trangporting large sediment loads.

!Note: No information was obtained on these sub-watersheds east of Sabe and Dillinger Creeks.
Most of these drainages are entirely in wilderness and have not received the attention the western half of the
subbasin has received.
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They are confined in V-shaped or narrow canyon bottoms. Due to the high energy nature of the

channels, bank stability of these channd reaches rely on subgtrate size of bed and bank materia and

riparian vegetation. Intense storm eventswill scour bed and bank materias, trangporting them

downstream to the Saimon River.

Table 5. North-side Watershed Characteristics (NPNF, 1994; NPNF, 1999a; Paradiso, 2000).

Sub- Acres Acres Natural Sediment Yield | Road Wilderness | Private
watershed (sg.mi.) | Disturbed Sediment Yield per Acre Density (%) (%)
Name (% of total) | (tons/sg.mi./yr) | (tons/acrelyr) | (mi/mi?)
Wind River 41,347 1,825 (4%) 179 0.03 0.75 68 1
(64.6)
Sheep Creek 32,974 7 (<1%) 355 0.05 0.07 93 17
(515)
Crooked Cr. 84,483 1,282 (2%) 196 0.03 0.77 54 2
(132
Big Mallard 36,530 1,416 (4%) 104 0.02 0.27 4 1
(57)
LittleMalard 8,215 No data 144 0.02 10 0 15
(12.8)
Jersey Creek 10,001 No data 217 0.03 114 12 <1
(15.6)
Rhett Creek 12,348 No data 135 0.02 15 7 3
(19.3
Bargamin Cr. 69,989 45 (<1%) 151 0.02 0.18 72 0
(109.3)
Sabe Creek 53,218 7 (<1%) 218 0.03 0.15 o] 0
(83.1)
Bull Creek 9,774 No data 44.6 0.07 0 100 0
(153
Rattlesnake 6,013 No data 314 0.05 0 100 0
94
Face (non- 39,493 No data No data No data 0.32 18 <1l
wilderness) (61.7)
Face 30,452 No data No data No data 0 100 0
(wilderness) (47.6)
Other NA No data No data No data No data No data <1
Tributaries”

* on the northwest Sde of the subbasin, includes Face drainages.
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Table 6. Stream Types from Beneficial Use Reconnai ssance Project Sitesin Subbasin.

Creeks Stream Order Gradient (%) Rosgen Type | Vdley Type Sinuosity
Rhett 2 4 B V-shaped low
Big (lower) 3 3 B V-shaped low
Big (upper) 2 4 B Flat Bottom moderate
Eutopia 2 6 A V-shaped low
Little Mdlard 2 8 A V-shaped low
McGuire 2 4 B V-shaped low
Warren (U) 4 2.5 B V-shaped low
Warren (L) 4 2 C V-shaped low
Crooked (V) 3 4.5 B Flat Bottom moderate
Crooked (L) 3 3 B V-shaped moderate
Big Mdlard (U) 3 2 C Flat Bottom high
Big Malard (L) 3 1.5 C V-shaped moderate
Noble 2 8 A V-shaped moderate
Jersey 2 8 A V-shaped low
Corn 2 11 A V-shaped moderate
Bear Basin 2 12.5 A V-shaped moderate
Cramer 1 12 A V-shaped moderate

The channd morphology of low gradient channel reaches of Big Creek, Crooked Creek, and Big
Mallard Creek is characterized by dow, incrementa changes. Much of the eroded sediment is stored in
the lower gradient meadow and shrub-dominated reaches. The first and second order stream reaches
in forested portions of the watershed are Rosgen (1994) channd types A5 and B5, and E4 in meadow
and shrub complexes. Third through fifth order streams are channd types B3 and B4 in forested
portions and C3, C4, and E4 in meadow complexes. The headwater stream segments tend to transport
sediment through the steeper reaches where erosion is common.

Riparian areas are typicaly narrow, congtrained by the presence of stegp mountainousterrain in the
vicinity of the canyon. Farther up-gradient where hills become more rolling, riparian areas can be more
broad. Some meadow-like areas exist periodically at low-gradient, mid-elevation locations. Riparian
vegetaion istypicaly dominated by spruce, fir, dder, mountain maple, thimbleberry, and a number of
herbaceous plants. At lower devations dong the SAmon River, and in dpine and subal pine meadows,
willow and/or herbaceous plants may dominate.
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The following sections of this subbasin assessment are descriptions in aphabetica order of fourteen
watersheds with some percentage of non-wilderness designation. Much of the materid is summarized
from the 1994 Biologicd Assessment: Main Sdmon River Tributaries (Northeast), by the Nez Perce
Nationa Forest (NPNF, 1994), or as otherwise cited. Mean annua and mean monthly flows reported
in these sections are estimates based on regional equations and reference stream gages.

BARGAMIN CREEK

Seventy-two percent (72%) of the Bargamin sub-watershed isin wilderness. The upper one third of the
drainage is outside of wilderness, but managed by the Forest Service. Thereisno private land in the
sub-watershed. Bargamin Creek originates near Three Prong Mountain a an eevation of 8,000 feet
and isabout 22.5 mileslong. The estimated average annud discharge is 142 cfs with an estimated mean
monthly flow ranging from 37 cfsto 526 cfs. The sub-watershed has amost equd proportionsin al
four Landform Groups. Since 1960, about 26% of the sub-watershed has been burned, only asmall
percentage of which received high intengity, stand-replacing fire. The sub-watershed has experienced
very little development. No timber harvests or mining activity are known to have occurred. There are
two vacant grazing alotments. The lower end of the drainage was heavily grazed between 1900 and
1940 before there was any management of such activities. The same areas were grazed as part of the
Samon River Bresks Allotment from 1950 to 1970. In 1971, the number of animals was reduced.
Generd gatements concerning vegetation indicated overutilization at that time. There are gpproximately
21 miles of road in the upper third of the drainage used for recreationa purposes (NPNF, 1994).

BIG CREEK (1998 303(d) Listed for Sediment)

In lower gradient sections of Big Creek the dominant substrate is small cobbles. As gradient increases
the subgtrate changes to large cobbles and boulders. There are locdized impacts from grazing,
especidly in the Big Creek meadows, including bank doughing, loss of cover, sedimentation, and soil
compaction. These impacts are congdered minor with little contribution to the overal Crooked Creek
watershed condition (NPNF, 1994).

BIG MALLARD CREEK (1998 303(d) Listed for Sediment)

Big Mdlard Creek originates near Boston Mountain at 7,600 feet devation, and is about 15 miles long.
Estimated mean annua dischargeis 74 cfs with estimated mean monthly flows ranging from 14.5 cfsin
September to 300 cfsin May. The mgjority (91%) of the sub-watershed isin LFG-2. The bottom 4%
of the sub-watershed isin wilderness. Mot of the sub-watershed is undevel oped; however, it has past
and present timber harvesting, and past grazing impacts, including non-native vegetation introductions
(Clearwater Basin Bull Trout Technicd Advisory Team, 1998). There are 507 acres (1%) of private
land used primarily for grazing and subsistence farming in the past. Some of it is presently subdivided

and developed as recreational homes.
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Timber harvest occurred within the lower Big Malard watershed from 1965 to 1994. According to the
USFS (1999), 132 acres were clearcut during 1965-67, 468 acres were harvested in 1985-88. The
Grouse and Noble timber sales have been completed. The Grouse timber sale removed timber from
234 acresfrom 1992 to 1994. The Noble timber sale included 513 acres and was awarded in 1991.
The roads for the Jack timber sales are completed and considered ongoing with planned harvest of 381
acres. There are 33 miles of road in the sub-watershed with an overdl road density of 0.58 miles per
square mile used for ng timber harvests and for recreation. Two-thirds of these roads have been
constructed or reconstructed since 1992.

According to the USFS (1999), the subwatershed has sustained a variety of impacts, including road
condruction on the watershed' s naturaly high erosive geology, resulting in high levels of deposited
sediment.

There are two active grazing dlotments, which have been in use since the 1940s. Some damage to
streambanks has been documented. There is one vacant dlotment in the Salmon River bresks area.
Thereis very little evidence of mining in the sub-watershed (NPNF, 1994).

The lower three miles of Big Mdlard Creek are separated from the rest of the watershed by Mdlard
Fdls, a1/4 mile series of very steep cascades, which prevent fish migration (NPNF, 1994). Thislower
section conssts of steep A-type channd whereas the remaining portions of the creek are B- and C-type
channds. Big Mallard Creek below thefalsisasteep, high energy stream, highly entrenched, and with
gradients exceeding 8% and as high as 30-40%. The dominant substrate hereis boulders and large
rubble. Habitat typesinclude plunge pools, cascade riffles, and pocket water, and very few

depogitional aress. Abovethefals Big Malard Creek and its tributaries are generdly less than 4%
gradient. These channdls are snuous and highly depositiona with the dominant substrate being sand and
gravels. Percent fines are generdly greater than the naturd levelsfound in Bargamin Creek (Table 7).
Rooted aguatic macrophytes are common, especidly in Noble, Jack, middle Big Mallard, and upper
Big Mdlard Creeks. Habitat typesinclude shallow runs, riffles, and latera scour pools. Cobble
embeddedness above the falls ranges from 40 to 80%, and pebble counts indicate the average substrate
gzeto be medium to large gravels. Jack Creek has been identified as a source of suspended sediment
from grazing, timber, and road activities (Table 7).

BULL CREEK & CALIFORNIA CREEK

Bull Creek isathird order, high energy stream that enters the Sdmon River from the north, and is
entirely within the Gospd Hump Wilderness. Estimated mean annud dischargeis 21.5 cfsand

edimated mean monthly flows range from 5.6 cfsin January to 79.5 cfsin June. The entire drainage has
been burned at least once since 1960, and reburns have occurred in some areasincluding in 2000. The
drainageislargdy shrub and herbaceous species dominated, especialy since heavy grass reseeding
occurred after a1973 fire. No timber or mining activity has been recorded for the sub-watershed, and
grazing has ceased since 1987 (NPNF, 1994).
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Cdifornia Creek isa 12 mile long high energy system on the south side of the Sdmon River. The lower
two miles of the stream are in wilderness. Cdlifornia Creek originates near War Eagle Lookout a an
elevation of about 8,000 feet. This drainage (15,209 acres) is rugged, mountainous terrain and is
somewhat remote. Road dendties are less than one mile per square mile and primarily associated with
mining dlams. One mine Stein particular has un-vegetated disturbed areas and asmall perennia stream
in need of some rehabilitation to prevent sediment movement during storm events. Little other human
disturbance has taken place in the watershed. A tributary to California Creek extendsinto BLM and
Stateland in the vicinity of the Marshdl Mountain mining area. No information was obtained on any
effects to the stream from these activities (PN, 1999).

Table 7. Percent Fines (<6mm) for All Reaches of Fixed Transects (NPNF, 1999b).

Site # Site Name 1995 1996 1997 1998
1 Little Mallard Cr. (below A 35 17 22
Nobletimber sale)
2 Grouse Cr. 41 49 40 32
3 Jack Cr. 80 74 I6) 77
4a Big Mallard Cr. (below 20 19 19 21
GrouseCr.)
4b Big Mallard Cr. (above Reach #1 26 26 25
Jack Cr.) Reach #2 A 36 27
5 Big Mallard Cr. (above 48 35 38 37
dideCr.)
6 SF Big Mallard Cr. 43 41 24 46
7 Bargamin Cr. 26 20 17 21

CAREY CREEK

The Carey Creek sub-watershed islocated on the south side of the Sdlmon River at the very western
edge of the subbasin. The sub-watershed includes Carey Creek and Fall Creek. Fall Creek appearsto
have the potentid to be affected by the Marshdl Mountain mining area; however, no information has
been obtained for this sub-watershed.

CROOKED CREEK (1998 303(d) Listed for Sediment)

Fifty-four percent of the Crooked Creek watershed isin the Gospel-Hump Wilderness, while 2% isin
private ownership. Estimated mean annud discharge is about 167 cfs with estimated mean monthly
flows ranging from 44 cfsin January to 619 cfsin June. Upper reaches outside of the wilderness are
low gradient (<4%) and lower wilderness reaches are higher gradient (5-15%). Watershed impacts are
associated with the 1992 Porcupine Fire in the wilderness portion of the sub-watersheds. Thefire
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resulted in 20 percent of the watershed being burned at moderate to high intensity (USFS, 1999). Pogt-
fire monitoring has estimated low to moderate rates of surface erosion into Crooked Creek from the
burned areas. Since this time, numerous debris torrents and other mass movement events have been
documented.

High sediment delivery and deposition exists in the upper reaches, but not in the lower reaches. This
has generally been attributed to the fact that the periphery of Crooked Creek has been developed in the
upper watershed and minimally developed in the lower watershed (Clearwater Basin Bull Trout
Technical Advisory Team, 1998). The town of Dixie and private recregtiona residences border the
creek. The creek was dredge mined in the past. Past mining activities and homesite devel opmernt,
corrals, and crossings continue to affect the stream. Since 1960, 19% of the sub-watershed has been
affected by fire. There are 101 miles of road in the sub-watershed, some of which are surfaced. The
entire length of Crooked Creek outside of the wildernessis paralleled by road. Timber harvesting has
occurred on 782 acres in two separate eventsin 1976 and 1988. There are four vacant grazing
alotments established as early as 1921.

Locaized bank damage has been documented aong Big Creek and its upper tributaries. Three
alotments have been closed in the 1960s and 1970s, and one dlotment is still active in the lower part of
the sub-watershed associated with the Shepp Ranch (20 horses and mules). The upper watershed has
been most affected by mining. There have been three separate gold boomsin Dixie in 1864, the 1890s,
and the 1930s. There are 23 inactive underground lode mines and one inactive open pit mine. The
presence or extent of any toxic chemicals or acid mine drainage is unknown. Most of these mine
disturbances have revegetated athough there is il some sediment ddlivery from them aswell as
possibly from roads and associated millstes. There are nine inactive placer mines and 4.6 miles of
dredged streams. Unvegetated tailings are still prominent. There are 13 underground lode minesin the
Buffalo Hump areawest of Big Creek, including the War Eagle Mine on Fitz Creek active in the 1930s.

Unvegetated aress Hill exidt in the Buffdo Hump area. Mining has dowed consderably since the
1930s athough aresurgence in gold prices created increased mining activity in the sub-watershed in the
1980s (NPNF, 1994).

The upper ten miles of Crooked Creek to its headwaters is predominantly low gradient (<4%) with
moderate to low entrenchment and a substrate of sands and smdll gravels. A survey conducted in
1987-88 reveded high existing sediment deposition (cobble embeddedness ranging from 53 to 67%),
low pool to riffle ratios, and alack of woody debris in the upper portions of Crooked Creek (NPNF,
19993). Common stream habitat types include riffles, runs, dammed pools, and lateral scour pools.
The stream channel of upper Crooked Creek isin poor condition with large amounts of sediment
moving through the system (NPNF, 1999a). Near Big Creek, sediment deposition tops banks.
Between the wilderness boundary (near Big Creek) and Lake Creek, Crooked Creek has apparent
cobble embeddedness and sediment deposition in low gradient reaches, but much less than observed
upstream. Within the wilderness area, stream gradients range from 5 to 15%, entrenchment is high and
the substrate conssts of large rubble and boulders, with little sediment deposition. Numerous plunge
pools exist with steep cascades and pocket water.
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JERSEY CREEK (1998 303(d) Listed for Sediment)

Jersey Creek isahigh energy, third order tributary that is approximately nine mileslong. Estimated
mean annua dischargeis 21 cfs, with the highest mean monthly discharge of 85 cfs occurring in May
and aminimum mean monthly discharge of 5.3 cfsin October. Only asmall portion of the lower
drainage isin wilderness (12% of totd), and the remaining drainage is strongly influenced by fire and fire
suppression. Since 1960, 35% of the watershed has been affected by fire. Vegetation is consdered
moving towards unnaturd, fire-suppressed condition. Ninety-six (96) acres were clear-cut in 1985 and
there is evidence of past mining activity in the watershed. Roads total 18 miles used to access mining
clamsand for recregtion. Light grazing has occurred throughout the watershed; heavy grazing is
unlikely due to topography (NPNF, 1994).

The lower reaches of Jersey Creek are very steep with dopes averaging 15%. The channd is 100% A-
type with aboulder and large rubble substrate. Cobble embeddednessis very low in the lower reaches,
but very high in the upper part of the watershed. Given the amount of sediment in the upper watershed,
suspended sediment may be high during spring and thunderstorm runoff events.

LITTLE MALLARD CREEK (1998 303(d) Listed for Sediment)

Little Mallard Creek watershed is entirely outside of wilderness boundaries. The creek isathird order
stream gpproximately eight miles long just downstream of the Big Mdlard confluence with the maingem
Sdmon. Estimated mean annud dischargeis 18 cfs, with amaximum mean monthly discharge of 73 cfs
in May and a minimum mean monthly discharge of 3.5 cfsin September. Since 1960, only 16 acres
have been burned, again suggesting that fire suppresson has played a mgor role in vegetation
development in the watershed.

Little Malard Creek watershed is predominantly composed of Nationa Forest lands and mostly
roadless. There are 120 acres of private land in the watershed, three acres of which are used for
residences and subs stence agriculture, and the remaining 117 acres are in scenic easement. Water
diverson from Little Mdlard Creek is used for long-term hydropower. Significant human activities on
Nationa Forestslands include: exploratory mining, domestic livestock grazing, and limited timber
harvest in or near the headwaters (USFS, 1999). There are 13 miles of road in the watershed, the
magority of which have been built snce 1991 to access the Noble Timber Sde. Approximately five
acres of the headwaters of Little Mallard Creek were placer mined in the 1980s. As a consequence,
400 yards of stream channd were impacted and remain unvegetated. Since 1984, light grazing by 22
horses and mules has occurred within 8,215 acres of the watershed. Thisleve of grazing has occurred
here since 1946, dthough there may have been some damage from overgrazing in the 1970s (NPNF,
1994).
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The lower 3/4 mile of Little Malard Creek isahighly confined A-type channd, with cascades, plunge
pools, and riffles. The substrate is predominantly bedrock, boulders, and large cobbles. Cobble
embeddednessis less than 25%. A hydropower facility reconstructed in 1993 on private property was
contributing sediment to the lower reach in 1994. The upper portion of Little Madlard Creek by
contrast isalow gradient sediment storage area. Due to the undevel oped nature of the watershed, the
upper reaches are considered to bein near natura condition (see Table 7 for percent fines).

RABBIT CREEK

Rabhit Creek isa small sub-watershed |ocated between Cdifornia Creek to the west and Warren
Creek to the east. The lower portion (approximately one mile) of Rabbit Creek iswithin wilderness
boundaries. The sub-watershed includes Indian Creek on the north side of the Sdmon River. Indian
Creek is located between Crooked Creek to the west and Jersey Creek to the east. Indian Creek is
amog entirely outsde of wilderness boundaries. Very little information was avallable on this sub-
watershed.

RHETT CREEK (1998 303(d) Listed for Sediment)

Rhett Creek isathird order stream gpproximately 10 milesin length. Estimated mean annud flow is 26
cfs, maximum mean monthly discharge is 110 cfsin May and minimum mean monthly dischargeis 5 cfs
in September. There are 861 acres of wilderness and 349 acres of private land in the watershed. All
private land resulted from mining patents. These areas were mined primarily during the 1890 to 1930s.
The Black Diamond Mineis active in the drainage and contributes an unknown amount of sediment to a
tributary of Rhett Creek (Clearwater Basin Bull Trout Technical Advisory Team, 1998). Timber
harvests have occurred and are planned for these private lands, and recreational homes are located
thereaswdl. Additiond mining activity within the drainage include saven inactive underground lode
mines and limited placer mining. Approximately 1,280 acres in the headwaters are grazed as part of the
Little Mallard Allotment. Since 1960, no fires have burned in the drainage, and fire suppresson may
lead to vegetation replacement and possible high intensity, stand-replacing fires. Road dengity for non-
wildernessland is 1.6 miles per square mile (NPNF, 1994).

The lower mile of Rhett Creek is an A-type channd with asmall boulder and large and smdl cobble
substrate. Cobble embeddednessis 20-30% in this lower stretch, but much higher in the upper
watershed due to mining activities. Cobble embeddedness may be increasing in the upper reaches.
Deveopment of Robinson Dike Mine in the late 1980s resulted in a substantia increase in sediment
input to Comstock Creek, atributary to Rhett Creek (NPNF, 1994). 1n 1994, the site continued to be
asource of sediment. Since Rhett Creek does not have a natural sediment storage area, it could be
anticipated that sediment will move through the system to lower reaches.
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SABE CREEK

Sabe Creek originates near Sabe Mountain at an eevation of 6,600 feet. The large, high energy stream
isabout 17 mileslong, and has an estimated mean annua discharge of 120 cfs. The estimated mean
monthly flows are estimated to range from 31 cfsin January to 444 cfsin June. Ninety-nine percent
(99%) of the sub-watershed isin wilderness; only aroad corridor at the very top of the drainage is
outside wilderness boundaries. The lower third of the drainage isin LFG-3 and the upper two-thirdsis
in LFG-4. Since 1960, 38% of the sub-watershed has been affected by fire. There have been no
recorded timber harvests and there is no private land within the sub-watershed. There is no recorded
mining activity within the drainage dthough it is likely that exploratory activity took place a the mouth of
Sabe Creek. The single road at the top of the drainage traverses 11 miles of its border and is used for
recreational purposes. Historic grazing has likely been a predominant activity in the sub-watershed.
Grazing has been authorized rather continuoudy in the Bear Point region (upper breaklands) since 1960
(NPNF, 1994).

SHEEP CREEK

Sheep Creek isalarge, high energy system amogt entirdly within the Gospd Hump Wilderness. Sheep
Creek originates near Buffalo Hump at approximately 8,000 ft. elevation and is about 17 mileslong.
Egtimated mean annud discharge is 69.5 cfs with estimated mean monthly flows aslow as 25 cfsin
January and as high as 246 cfsin June. There are afew miles of road associated with turn-of-the-
century mining. There were 19 mining clams on 556 acres of private land, none of which are active
today. Grazing has occurred in the sub-watershed since 1910. Although heavy at times, recent grazing
management activity has dlowed a genera upward trend in vegetation condition. No grazing has
occurred since 1987. Fire has affected 27% of the sub-watershed since 1960, some which has been
locdly intense. The mgority of the sub-watershed isin dpine glaciated lands (Landform Group 4)
(NPNF, 1994).

WARREN CREEK (1998 303(d) Listed for Sediment)

Warren Creek sub-watershed is alarge drainage (57,500 acres) on the south side of the Samon River.
The creek itsdlf is 21 mileslong and predominantly high gradient and energy, dthough thereisa
pronounced lower gradient meadow areathat has been extensively dredge mined. Warren Creek
originates near Warren Summit a about 7,000 feet elevation. Summer discharge is estimated to be
around 23 cfs. The lowest three miles of Warren Creek are within wilderness boundaries.
Approximately 8.5% of the sub-watershed is private land including much of the dredged stream areas
near Warren. There have been smal amounts of timber harvesting, grazing and fire suppression.

A long higtory of mining activities has affected the upper part of the sub-watershed. Mining began in the
late 1800s, and continued through the 1930s when substantial impacts occurred from placer and lode
mining. Higtoric and active mining in the Warren Creek drainage has resulted in many ore and/or tailings
piles bordering streamsin the mined portions of the watershed. Natura vegetation recovery has been
poor because of the lack of topsoil. Some sections of Warren Creek have been dredge mined in the
past. Thetallings and the dredge deposits are presumably the reason for listing this stream for habitat
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dteration. There are four active lode mines in the sub-watershed, three of which show current activities
taking place. Other activities occur in the Warren Creek watershed, including timber harvesting,
outfitter and guide use, recreation, road and trail use. There are about 70 miles of road in the watershed
(dengdity = 1 to 2 miles/'square mile), some of which are old (50 years) roads built to access mines.
Thereis gpparently some sediment contribution to the stream from these roads. (Clearwater Basin Bulll
Trout Technical Advisory Team, 1998; PNF, 1999) Many of the tributaries to Warren Creek have
excessive fine sediment (PNF, 1995).

The lower one to two miles of Warren Creek are A-type channels with gradients averaging 6.1% and
ashigh as 12%. The subdtrate is primarily boulders and cobbles. Streambanks are more than 98%
stable and the width to depth ratio is 21.6. Above 2.4 miles the gradient becomes steeper (9.4%) and
the channd is characterized by boulders and high gradient riffles. At mile ten the gradient becomes
6.9%. Moving upstream to the mouth of Schisder Creek, Warren Creek becomes a C-type channel
with non-turbulent units and lateral scour pools. For the remainder of Warren Creek to its headwaters,
dredge piles confine the stream to A- and B-type channdls. At the Warren meadows area, gradients
arelow (0.4-0.5%). The dredged areas lack pools, winter habitat, overhead vegetation, and woody
debris. Fine sediment reaches 15% in thislow gradient area.

WIND RIVER

Wind River isafairly large drainage (41,348 acres) on the north side of the Sdmon River. Sixty-eight
percent of this watershed is in the Gospd Hump Wilderness. The Meadow Creek section of Wind
River watershed is 60% outside of wilderness and has experienced a number of human activities.
Average annud discharge from Wind River is estimated to be 88.6 cfs with mean monthly flow ranging
from an average of 23 cfsin January to 328 cfsin June. The drainage averages B-type channels, 30
feet wide and 3 feet deep, which vary from 4 to 30% gradient (NPNF, 1999a). Since 1950, 22% of
the sub-watershed has been affected by fire. Wind River has been affected by mining in the Meadow
Creek drainage and grazing in the upland and headwater meadows.

There are approximately 49 miles of road used to access past mining and timber harvesting arees.
Timber harvesting has occurred on 1812 acres mostly in the 1980s. Historic grazing dates back to
1861. There are two grazing dlotments that have been vacant since 1987 and 1992. One alotment
continues with active grazing in the Wind River Meadows area. There has been some damage to the
vegetation in some areas of this sub-watershed. Past mining in the Florence Basin (Meadow Creek)

has been extensve. Placer mining began in 1860 and lode mining began in the 1890s after placer mining
dowed down. Placer mining activity increased again in the 1930s. After thistime, activity dowed but
has been continuous ever since. Miles of trenches have been dug to supply water to placer operations.
One small open pit mine was started in the 1950s and has been worked off and on ever since. Mercury
was used to extract gold from ore, and a spill was reported in 1983. Contaminated material was
moved to an impermesble liner in 1986 (NPNF, 1994). Water sampling to detect mercury was donein
1995 to 1996 by Forest Service and DEQ personnd. Mercury was not detected in monitoring wells or
any surface waters. However, dudge from the pond bottom had mercury levels of 6.86 ppm, 0.98 ppm,
and 3.96 ppm in three samples taken by DEQ.
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WATER QUALITY CONCERNSAND STATUS
WATER QUALITY-LIMITED WATERS

There are eight stream segments listed as water quaity-limited on the 1996 303(d) list for this subbasin
(Table 8). Sx streams are listed for sediment pollution, dl of which are in the vicinity of Dixie between
the two wilderness areas (Map 11-303(d) Listed Stream Segments). Warren Creek on the south side
of the SAmon River islisted for habitet dteration. The SAmon River itsdf islisted from Corn Creek to
Cherry Creek for unknown pollutants.

The 1996 303(d) listing, exacted by EPA as aresult of alawsuit, included the Salmon River from Corn
Creek to Cherry Creek reportedly because this section of the river was identified in Appendix D of
Idaho's 1992 305(b) report. EPA indicated that it was also a Stream Segment of Concern (SSOC),
athough it was not found in SSOC reports (State of Idaho, 1989, 1992).

Appendix D of the 1992 305(b) report (DEQ, 1992), however, indicated that the 1daho Department of
Fish and Game (IDFG) requested ligting this section of the Sdmon River as only partialy supporting
cold water biota and samonid spawning due to moderate impacts from agricultura, timber harvesting,
congtruction (including roads), and mining activities. However, we are not aware of data to substantiate
thisclam. Information included in Appendix D of the 1992 305(b) report was sometimes based on
conjecture and was to be used only for guiding further assessment needs.

Table 8. Water Quality-limited Watersin Subbasin.

Water Body Name Boundaries Pollutants

Big Creek Headwaters to Crooked Creek sediment

Big Mdlard Creek Headwaters to Salmon River sediment
Crooked Creek Headwaters to Saimon River sediment

Jersey Creek Headwaters to Samon River sediment

Little Mallard Creek Headwaters to Sdmon River sediment

Rhett Creek Headwaters to Samon River sediment
Warren Creek Headwaters to Wilderness Boundary habitat ateration
Sdmon River Corn Creek to Cherry Creek unknown




| DFG=s concerns with sediment in the Samon River stem from up-river contributions of sediment from
primarily the South Fork Samon River (Anderson, 1999), an area previoudy identified as having
impacts from sediment. A sediment TMDL was completed for the South Fork Samon River.
According to IDFG, these upstream impacts may affect beneficid uses within the Sdmon River itsdlf
through sediment depodition reducing over-wintering habitat and affecting chinook and steelhead
gpawning areas. However, no data could be found to substantiate these clams.

The NPNF (1994) indicates that a combination of erodible soils, fire history, and periodic intense
climatic events result in substantia natural eroson and delivery of sediment to the Samon River. They
indicate that suspended sediment concentrations and turbidity in the Salmon River during spring months
are often high enough to preclude visibility. These conditions most often associated with early spring
ransat low devations, and later during higher flows from snowmelt runoff. Such conditions can last for
severd weeks. They can aso occur in the summer as aresult of rainstorms and last for over aweek.

Map 11. 303(d) Listed Stream Segments
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The NPNF (1994) reported that data are very sparse, but there was some suspended sediment data
from USGS collected 6 to 12 times ayear from 1971 to 1991. During most years suspended sediment
concentrations ranged from 2 mg/l to 65 mg/l, except during May when concentrations ranged from 6
mg/l to 503 mg/l. Most of the time the Sdmon River is below 25 mg/l suspended sediment. However,
gpring runoff, rain-on-snow events, and intense summer rainstorms can cause suspended sediment
concentration to significantly exceed 25 mg/l (NPNF, 1994). The NPNF (1994) indicated from the
literature that the effects of these suspended sediment concentrations on samonid fishes was varigble
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and unclear, and they recommended overal that suspended sediment was of moderate importance to
fish dueto their evolved ahility to tolerate or avoid such periodic high concentrations.

The NPNF (1994) indicated that bedload and deposited sediment conditions were even less well
documented than suspended sediment conditions. The coarse materid is generdly deposited in dluvid
fanswhich are gradudly eroded by the river during high flows over a period of years. Also, the NPNF
(1994) indicated that some reduction in pool volume, by filling with gravel and smdl cobbles, in this
portion of the SAmon River, may have occurred as aresult of upstream activities. The river apparently
has tremendous capability to trangport sediment ranging in Size from sand to large cobble as evidenced
by casud observations of sediment deposition. There has not been a serious amount of deposition
aong mogt of the riverbed from Sabe Creek to its confluence with the Snake River. Observations
suggest that beach erosion occurs during low water years and beaches are replenished during high water
years (NPNF, 1994).

Anecdota observations of accelerated sediment yields to the SAmon River from Nez Perce National
Forest activities suggest that these impacts have not significantly degraded river habitat (NPNF, 1994).
According to the NPNF (1994), this appears to be largely due to the high transport capacity and
relatively low additiond sediment input beyond that from other sources, both naturad and human
induced. The primary evidence for thisis the apparent lack of fines deposition below mgor tributaries,
such as Crooked Creek. Where dgnificant dluvia fans do exist a the mouths of Nez Perce Nationd
Forest tributaries, it is believed that they formed largely in response to natural events.

IDFG a0 suggested temperature as a possible problem to cold water biota beneficid use asthe
Sdmon River does warm up above 22°C in the canyon during the summer (Anderson, 1999). The Nez
Perce Nationa Forest, in their biologica assessments for endangered samonids, identified temperature
asaconcern aswell (NPNF, 1994). If forest activities aong the tributaries have reduced vegetation
cover, thus warming the streams, they could affect mixing zone refugia and incrementally incresse
temperatures in the Main Salmon, affecting migrating anadromous salmonids (NPNF, 1994).

Temperature data for the Sdmon River in thissubbasin are sparse. Temperature data collected by
USGS for the Sdmon River near Whitebird periodicaly from 1976 to 1991 showed July temperatures
between 28.0°C and 16.5°C (NPNF, 1994). These temperatures may not be indicative of
temperatures in the Sdmon River in this subbasin as anumber of tributaries enter after this subbasin and
theriver is progressively exposed to more solar radiation as it flows downstream. Reingold in August
1969 sampled SAmon River water temperatures within the vicinity of this subbasin (NPNF, 1994). The
six samples showed temperatures between 18° and 20°C. The Nez Perce National Forest measured
Samon River water temperatures a severd locations within this subbasin from July to October during
1994 to 1998 (NPNF, 1999b). The 7-day moving average of maximum daily temperatures exceeded
22°C for ashort period of timein July, 1994; but were below this temperature in al other years. From
these dataiit is likely that the cold water biota maximum temperature criterion (22°C) was exceeded
during July 1994, however not necessarily during the other months of 1994 nor during the other years
(1995-1998). These data show fall water temperatures reached 13°C (7-day moving average of
maximum daily temperatures) about early October in the Sdmon River. The USGS data at Whitebird
showed Samon River temperaturesin May to be 9° to 13.5°C (NPNF, 1994).
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Water temperatures in the Samon River near Whitebird clearly exceed Sate water quaity standards for
cold water biota during the summer. But there isinsufficient information to determine whether water
temperaturesin the Samon River in the Sdmon-Chamberlain subbasin exceed sate water quality
standards any more than during the occassiona very hot year. Even though water temperatures are
warm in the SAmon River during the summer, it would be difficult to separate the difference between
temperatures (or heat loads) that are anatural phenomenon and those that are caused by human
activities.

The tributaries were 303d listed for reasons similar to the Salmon River. In addition to the SAmon
River, the 1992 305(b) report, Appendix D aso included Crooked Creek and Warren Creek (IDEQ,
1992). The report indicated that Crooked Creek from the headwaters (mines) to Big Creek was
partialy supporting salmonid spawning and cold water biota was supported but threatened. Again,
IDFG suggested the causes as low impacts from congtruction and moderate impacts from mining.
Warren Creek, headwaters to the wilderness boundary, was identified by the USFS as partidly
supporting cold water biota due to low impacts from road construction and recregtion, and high impacts
from placer and dredge mining. IDFG identified Warren Creek as partialy supporting cold water biota
and samonid spawning due to low impacts from agriculture and timber harvesting, moderate impacts
from congruction, and high impacts from mining. Again, information included in Appendix D of the
1992 305(b) report was based on conjecture and was to be used only for guiding further assessment
needs.

Another source of information used by EPA to create the court ordered 303(d) list was the Nez Perce
Nationd Forest Watershed Condition Andysis (Gloss and Gerhardt, 1992). Meeting Forest Plan
objectives may have wrongly influenced EPA's andysis for 303(d) lising. Thisandyss, designed to
provide regiona foresters with broad scale information on the condition of mgjor (5th field) watersheds
in 1992, used arating scheme that was based on andyses of watershed senditivity (rated low, moderate,
or high), the didtrict's determinations on the significance or inggnificance of activities (grazing, mining,
timber harvesting, other) in the watershed, the road densty (low, moderate, or high), the percent of
watershed disturbed (low, moderate, or high), and the watershed's proximity to meeting Forest Plan
objectives (low, moderate, or high). It should be noted that the watershed andlys's gave Crooked
Creek alow concern rating, which isin contrast to the 1996 303(d) ligting.

Although the Forest Plan objective rating scheme was based on water qudity habitat parameters, there
were no comparisons made to the state's water quality standards or assessment processes.  For
example, adetermination of exigting condition relative to Forest Plan objectives included parameters
such as cobble embeddedness, large woody debris, and bank stability that do not have directly
comparable surrogates in the state's water quaity standards. The fact that watersheds were not
meeting forest plan objectives does not necessarily indicate thet they were not, or are not now, mesting
water quality standards. Infact, it is quite possible that a stream may meet water quality standards, but
the Forest Plan had desired future conditions unrelated to these standards that the stream did not meet
in 1992.
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WATER QUALITY STANDARDS

Designated beneficia uses (as per IDAPA 58.01.02.130.09) for waters in the SAmon-Chamberlain
subbasin arelisted in Table 9. All tributaries to the SAlmon River are undesignated waters at the time of
thiswriting. Undesignated waters are presumed to support cold water biota and primary or secondary
contact recreation, and will be protected for these uses until such time as the waters are officidly
designated for beneficial uses (see IDAPA 58.01.02.101).

Water qudity criteria used to protect these beneficid uses include narrative free form criteria
gpplicable to al waters (IDAPA 58.01.02.200), and numerica criteriawhich vary according to
beneficia uses (IDAPA 58.01.02.210, 250, 251, 252). Typica numeric criteriainclude bacteriological
criteriafor recreation uses, physica and chemicd criteriafor aguatic life (e.g. pH, temperature, DO,
ammonia, toxics, etc), and toxics and turbidity criteriafor water supplies.

Of particular importance regarding listed water bodies in this subbasin is the narrative criterion for
sediment (IDAPA 58.01.02.200.08) as follows:

"Sediment shall not exceed quantities specified in Section 250 and 252, or, in the absence of
specific sediment criteria, quantities which impair designated beneficiad uses. Determination of
impairment shdl be based on water quality monitoring and surveillance and the information
utilized in Section 350."

Table 9. Desgnated Beneficid Uses.

Map Code Water Body Designated Uses
S1 Salmon River - South Fork Salmon River Domestic Water Supply, Agricultural Water Supply
to river mile 106 Cold Water Biota

Primary Contact Recreation, Secondary Contact Recreation
Specia Resource Water

S8 Salmon River - Chamberlain Creek to Domestic Water Supply, Agricultural Water Supply
South Fork Salmon R. Cold Water Biota, Salmonid Spawning

Primary Contact Recreation, Secondary Contact Recrestion
Special Resource Water

S18 Salmon River - Horse Creek to Domestic Water Supply, Agricultural Water Supply
Chamberlain Creek Cold Water Biota, Salmonid Spawning

Primary Contact Recreation, Secondary Contact Recreation
Special Resource Water

S-37 Salmon River - Middle Fork Salmon River | Domestic Water Supply, Agricultural Water Supply

to Horse Creek Cold Water Biota, Salmonid Spawning

Primary Contact Recreation, Secondary Contact Recreation
Specia Resource Water

Quantities specified in Section 250 refer to turbidity criteriaidentified for cold weater biota use and small
public domestic water supplies. Indirectly, specific sediment criteria dso include intergravel dissolved
oxygen measures for salmonid spawning uses. Intergravelsfilled with sediment cannot hold enough
dissolved oxygen for successful egg incubation. Turbidity must be measured upstream and downstream
from a sediment input in order to determine violation of the criteria. Intergravel dissolved oxygen
measures require the placement of specid gpparausin spawning gravels. Both measures are rarely
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conducted as a part of routine reconnaissance level monitoring and assessment. These measurements
are usudly conducted in specid cases during higher-levd investigations of potential problems. Because
of access difficulty, such techniques are rarely used in the back-country settings comprising most of this
subbagin.

Theoreticdly, any stream with sediment pollution exceeding water qudity standards will require atota
maximum daily load (TMDL). In practice, the reationship between sediment and its effects on
beneficid usesisnot dearly understood. Although there are some criteriathat are indicators of specific
sediment-related problems (like turbidity and intergravel dissolved oxygen), the level of sediment
necessary to cause an effect and actudly violate water quality sandardsis not defined. Nor isit likely
to be the same in dl locations due to differences in geology and hydrology.

Asindicated in the state’ s water qudity standards (IDAPA 58.01.02.350), nonpoint source pollution is
addressed through a feedback loop approach where best management practices (BMP) to control
sediment are put into place, and evauations are made to see if the practices are working. If they are not
working, or if beneficid uses do not recover, then the BMPs are modified, and re-eva uated until
successful. Itislikely that an adaptive management approach will need to be taken to determine the
level of sediment control necessary for asediment TMDL. Adaptive management alows for initia
sediment reduction targets to be set and the feedback 1oop used to monitor and assess the progress of
sediment reductions towards improving the beneficid uses. When it is unknown how much sediment
affects a beneficid use, only through the repetitive process of control and monitoring will gppropriate
results be achieved.

WATER BODY ASSESSMENTS

Beneficial Use Reconnai ssance Project

Fourteen streams in this subbasin have been monitored using the DEQ Beneficall Use Reconnaissance
Project (BURP) including al 303(d) listed streams. DEQ attempts to monitor streamsin at least two
locations, the upper part of the watershed and as close to the mouth as possible. Of the seven 303(d)
listed streams in the subbasin, four were sampled in two locations and three were monitored in only one
location. All streams except Rhett Creek were sampled close to the wilderness boundary within severd
miles of the mouth. 1t is expected that most BURP sites represent integrating reaches and will reflect the
cumulative effects of disturbances in these watersheds. Rhett Creek was sampled once in the middle of
the watershed.
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Streams in this subbasin assessed through the DEQ Beneficial Use Reconnaissance Project (BURP)
and the 1996 Water Body Assessment Guidance or “WBAG 1” asitiscdled (IDEQ, 1996) plus any
additional information arelisted in Table 10. For al of these streams, macroinvertebrate index scores
(MBI) were caculate using the new 2000 cal culator and habitat index scores were caculated using the
1996 process. Samonid spawning beneficiad use was assessed from BURP dectrofishing data and/or
from Forest Service information (Mays, 2000). A final assessment determination was made by
comparing MBI and HI scores, fish age class data and other available data regarding criteria
exceedances to pre-determined acceptable levels. From this andysis, streams were determined to be
“full support,” “needs verification,” or “not full support” for cold water biota and salmonid spawning.

All streams except Cramer Creek would receive a“Full support” status for cold water biota based on
the datain Table 10. MBI and HI scores were generdly high reflecting the near pristine quality of these
dreams. The streamsthat had fish data would likewise receive a“full support” rating for sdmonid
gpawning use. All streams with fish data had at least two age classes of sdmonids and habitat scores
greater than 73, which is needed for afull support rating on salmonid spawning (see Appendix 4). In
fact, many of these streams had at least three age classes of sdmonids and HI scores greater than 90.
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Table 10. Water Bodies Assessed Through BURP.

Water Body Fish Data MBI* HI | Support Status#
Noble Creek Cutthroats multiple sze 5.57 111 | Full Support
classes (BURP) CWB and SS
Eutopia Creek No data 4,77 102 | Full Support CWB
McGuire Creek No data 4.68 111 | Full Support CWB
Big Creek Rainbowsand hybrids | 5.07(L) | 105 | Full Support
(303d listed) spawning and early 461(U) | 115 | CWB and SS
rearing (Mays, 2000).
Jersey Creek Cutthroat spawning 4.93 127 | Full Support
(303d listed) and rearing, steelhead CWB and SS
rearing (Mays, 2000).
Ranbows 3 sze
classes (BURP).
Rhett Creek Sdmonids - multiple 5.13 92 | Full Support
(303d listed) age classes above and CWB and SS
below barrier (Mays,
2000). Cutthroat 3
sze classes (BURP).
Warren Creek No data 4.99(V) 94 | Full Support CWB
(303d listed) 4.93(L) 90
Crooked Creek Sdmonids - multiple 4.92(L) 94 | Full Support
(303d listed) age classesaboveand | 4.46(U) 99 | CWB and SS
below barrier (Mays,
2000)
Big Mallard Creek Brook trout multiple 5.06(L) 103 | Full Support
(303d listed) size classes (BURP). 531(U) | 108 | CWB and SS
Little Mdlard Creek Barrier near mouth, no 4.25 118 | Full Support CWB
(303d listed) fish
Corn Creek No data 5.07 111 | Full Support CWB
Bear Basin Creek No data 4.02 99 | Full Support CWB
Cramer Creek No data 317 75 | Needs Veification

* Macroinvertebrate Biotic Index (MBI) scores were calculated using the 2000 version cal culator representing the
latest inclusion of macroinvertebrate species.
# CWB = cold water biota; SS = salmonid spawning.
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Macroinvertebrate and habitat scores were margind for Cramer Creek (3.17 and 75, respectively).
The low habitat score and the genera condition of Cramer Creek were probably affected by itslow
flow (0.6 cfs) at the time of assessment. Such low flow conditionsin genera tend to preclude cold
water biota as aresult of alack of water, increased temperatures, reduced dissolved oxygen, and the
lack of substrate. The Cramer Creek macroinvertebrate sample had low species diversity (15 species)
and percent dominance was high at 69%. However, the sample was dominated by one Plecoptera
taxon indicative of better quality cold water streams. In fact, 75% of the taxa were stoneflies. Most of
the other taxain the sample were rdatively tolerant species. This suggests that the stream exigtsina
dtate of flux between a good qudity cold water stream and one that is compromised by low flow
conditions. Cramer Creek should be re-assessed to determine if it should be classified as an intermittent
water.

Early in 2002, the second edition of DEQ's Water Body Assessment Guidance was released. This
WBAG I protocol modified considerably the process by which streams are assessed for support of
beneficid uses. Specificaly, multimetric indices were changed as more data were added snce WBAG
1 was published. A process was put in place where macroinvertebrate, habitat, and fish indices are
scored and then averaged to produce a single score from 0 to 3 where streams must score a2 or higher
to be consdered fully supporting their aguetic life uses. Datafrom BURP sitesin this subbasin were re-
evauated usng this new WBAG |1 system. Those resulting indices and scores are presented in
Appendix 8. Aswas demonstrated with the earlier WBAG 1 process, dl streams except Cramer
Creek showed cold water aquatic life use fully supported.

Water temperature was measured at severa locations in Crooked Creek from 1994 to 1998 (NPNF,
1999b) (see Appendix 4). Temperatures exceeded 22°C only dightly in 1994, but not in following
years. Water temperatures exceeded 13°C from late June to mid to late September in every year.
BURP crews measured an instantaneous value of 15°C in upper Crooked Creek on July 14, 1997.
These measurements exceed the sdlmonid spawning maximum temperature of 13°C. However, it is
questionable whether thistime period is reflective of natural spawning timing for rainbow and cutthroat
trout found in this stream. Bull trout spawning and rearing temperature criteria would be exceeded by
these data. The Bull Trout Problem Assessment (Clearwater Basin Bull Trout Technicd Advisory
Team, 1998) determined that past activities have affected the temperature of upper Crooked Creek to
preclude bull trout spawning. However, the Forest Service (NPNF, 1999a) suggests that a possible
migration barrier a gpproximately 3/4 mile downstream of the Big Creek confluence may have
precluded bull trout from the upper watershed anyway.

Bull trout spawning temperature exceedances in lower Big Malard Creek and lower Little Madlard
Creek were detected in temperature data obtained from NPNF (1999Db) (see Appendix 4). Water
temperatures need to be below an ingantaneous maximum of 13°C and adaily average of 9°C on and
after September 1t for bull trout spawning. During the summer, bull trout rearing habitat needs to be
below an average daily water temperature of 12°C. It is not clear from the data (NPNF, 1999b) if
water temperatures in the mouths of these two creeks exceed the daily average; however, they do
exceed 13°C during September. However, the mouths of these two creeks may not be sdmonid
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spawning arees. Therefore, the gpplicability of sdmonid spawning temperature criteria during
September at these two locations is questionable. More information is needed on the temperature
regime of the entire stream before potential impacts to sdmonid spawning could be determined.

Additionaly, macroinvertebrate samples from BURP efforts within the subbasin were further analyzed
to assess relative impacts from fine sediment (Clark, 2000); see Appendix 1). This report concluded
that, on ardative scae, Big Creek, Big Malard Creek, and Rhett Creek appear to be in better
condition than Crooked Creek, Jersey Creek, Warren Creek, and Little Mallard Creek. These
conditions were based on macroinvertebrate assemblage characterigtics such as taxa richness, numbers
of Plecopterataxa, and numbers of cold water indicator species. Both Crooked Creek and Warren
Creek have been affected by past dredge mining activities and these legacy issues remain.

Nez Perce Nationa Forest Assessments

The Main Samon River Subbasin Biologica Assessment (NPNF, 1999a) examined an area from the
Little SAmon River to Sabe Creek, which includes only part of the Sdmon-Chamberlain subbasn. This
document described the most impacted areas to generally be the areawest of Wind River (including the
Meadow Creek area of the Wind River drainage), the Marshdl Mountain mining area, and the upper
Crooked Creek drainage. There are areas within the subbasin that have been dtered by past mining
activities, road congtruction, and grazing. Logging accounts for asmal percentage of the human
activities in the subbasin, generdly less than 1% of the subbasin or 2% of the non-wilderness/non-
roaded area. A summary of areas of concern for sengitive salmonids indicated that Warren and upper
Crooked Creeks were targets for rehabilitation (NPNF, 1999a). The Nez Perce Nationa Forest has
recommended that it will work with locd land ownersin Dixie and the Idaho Department of Fish and
Gameto build along-term aquatic restoration strategy for upper Crooked Creek (NPNF, 1999a).
Currently, no restoration activities are planned in the area because of other high priority needsin the
Forest. Table 11 presents the overall assessment of basdline conditions described on pages 36-39 of
the Biological Assessment (NPNF, 1999a).

The U.S. Geologicd Survey has maintained a gaging station on the Sdmon River a the mouth of White
Bird Creek since 1910. As part of the response for Term and Condition Number Four of

the AMan Samon River Tributaries Northeast Biologica Opinion@NPNF, 1999b), the Nez Perce
Forest Service addressed several components affecting listed aquatic species. One particular
component was to establish basdine conditions related to sediment yield and concentration for the
Sdmon River from Sabe Creek to the Little SAmon River confluence based on available scientific
information. The combination of collected sediment samples at the gaging station and further, modding
using NEZSED, BOISED, and unit area estimations were used to estimate the total annua sediment
yield for the entire drainage. Sediment yields are predicted from naturd sources, as well as from timber
harvests and roads. The assumptions used in these modeling exercises are many and gredt, and thereis
agreat ded of uncertainty associated with the figures. Interpretation should be cautious and the results
treated as crude estimations at best (NPNF, 1994). At the White Bird gaging sation, the tota annud
sediment yield was estimated at 530,000 tons/year. In using an A area-based proportion, @the sediment
yield was estimated to be 490,000 tons/year, above Riggins (Table 12) (Gerhardt and Thompson,
1997).
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Table11. Overdl Assessment for Middle Sdlmon-Chamberlain Subbasin (NPNF, 1999a)* .

Characterigtic

Subbasin Overd|

Specific Waters

Road density

<dmi/mi®

Carey, Fall = 1- 2.2 mi/mi?
Jersey = 1- 2.9 mi/mi?
Meadow (Wind) = 3.4 mi/mi?

Riparian Vegetation

high condition

Meadow(Wind) = moderate

Width/Depth Ratio

moderate condition

Big Mallard, Crooked, Carey = moderate
southside watersheds = low

Streambank Stability

good condition

northside (except Wind Meadow) = 95-100% stable,
southside (except Lake) high condition

Temperature (for natural conditions northside (except Crooked, Bargamin, face streams) = 14°C,

Steelhead rearing) lower elevation low to mid reaches=16.8 - 18.5°C

Cobble highly variable northside = high to moderate,

Embeddedness upper Crooked = high, lower Crooked = low to moderate,
Bargamin, Wind, face streams = <20%,
Big Mallard, Partridge, Elkhorn, French, face(uplands) = 20-35%,
Fal =>35%

Large Woody Debris | natural levels Warren = below natural levels

Pool Frequency lowin9of 12 Cdlifornia Cr. only one not meeting minimum standards for

watersheds salmonids. Placer dredge mined creeks (Warren, Crooked)

probably lack pools aswell.

Fish Passage Barriers

no human made

except for several culvertson Road 1614.

Off Channel Habitat

high condition

low condition in Allison and face drainages from Wind to Berg.

Habitat Refugia

generally abundant

Big Mallard lacksrefugia because of barrier and channel type.

Chemical
Contamination

very little

Warren has potential, Warren may have sources of metalsin soil
and ground water.

*Environmental baseline information provided by NPNF, 1999aincludes condition ratings of “high, moderate, and
low” which we interpret to mean good condition, moderate condition and poor condition, respectively. However,
caution should be used ininterpreting thisinformation. We recommend the reader consult NPNF, 1999a for
interpretations and assumptions used in these environmental conditions.




Table 12. Main SAmon River sediment yidd summary (Gerhardt and Thompson, 1997)**.

Analysis Point Drainage Area Accrued Accrued activity Total Rate*

(sg. mi) natural (t/yr) (tlyr) (t/yn)
below White Bird 13,550 N/A N/A 530,000 39.1
Above Little Salmon 12,518 104,000 12,800 490,000 39.1
below Crooked Creek 12,011 87,500 12,200 473,000 39.4
below Big Mallard Creek 10,268 9,500 61 383,000 37.3
Above Sabe Creek 9,909 N/A N/A 373,000 37.7

* The units for Rate = tons/square mile/year.

** The assumptions used in NEZSED modeling are many and great, and there is a great deal of uncertainty
associated with the figures. Interpretation should be cautious and the results treated as crude estimations at
best (NPNF, 1994).

Sediment production from lands managed by the Nez Perce National Forest was estimated using the
NEZSED model. The naturd sediment yield for the north Sde of the Sdmon River from the Little
Samon River to Sabe Creek was estimated at 19,200 tons/year. Activity-related sediment yield was
estimated at 260 tons/year or about 0.05 percent (260/530,000) of the annud sediment yidld of the
river above Riggins. Thetota contribution from activity- caused sediment from actions within the Nez
Perce Nationa Forest to the mainstem Salmon was concluded to be minima (NPNF, 1994, 19993,
Gerhardt and Thompson, 1997). Based on these calculations, it was estimated that 117,000 tons'year
entered from al sources and tributaries the area between Sabe Creek and Little Salmon River (490,000
- 373,000 = 117,000) (Gerhardt and Thompson, 1997). Of thistota, 104,000 tons/year is estimated
to be natura and 12,800 tons/year are due to activities. Of the accrued sediment yield (117,000
tons/year), about 65% or 76,050 tons/year was estimated to be from the South Fork Salmon River.
The South Fork is aso the source of an estimated 92% of the accrued activity sediment yield (92% of
12,800 tonglyear = 11,776 tons/year), assumed to be mostly from roads. (Gerhardt and Thompson,
1997). Tha meansonly 1,024 tonslyear (12,800 — 11,776 = 1,024) of sediment accrue from activities
in the main Samon River watershed from Sabe Creek to the Little Sdmon River.

A summary of NEZSED modd runsfor the Nez Perce portion of the subbasin (Paradiso, 2000) is
contained in Appendix 2. The tables in the gppendix present natural sediment yield and activity yield as
predicted by the model. Percent over base for the 303d listed watersheds vary from 0.7% to 4.4%.
Percent over base is defined as activity yidd/natura yield times 100 (see Appendix 2 for further
definitions). Some watersheds are broken down into smaller component watersheds on subsequent
tablesin the appendix. For example, upper Crooked Creek produced an output of 24% over base,
whereas the entire Crooked Creek drainage was estimated at 4.4% over base. A yield of 24%is
consdered wdl within the range of variahility of the andyss. Thus, such ayiedd may not represent a
sgnificant departure from natura levels. Again, interpretation of these data should be viewed with
caution because of uncertainty with assumptions and estimations.
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The Nez Perce Nationa Forest has had an active sediment monitoring program in the subbasin since
1995 in the rolling uplands of Big and Little Malard Creeks (NPNF, 1999b). The sediment monitoring
consgs of three parts: A) monitoring deposited sediment levels near project areas in the upper
watersheds of Big and Little Mdlard Creeks, B) monitoring of the Sinker minerds projects; and C)
monitoring deposited sediment levelsin the lower stream reaches that contain chinook habitat. Sampling
has focused predominantly on the area between the given timber-related activities and the
spring/summer chinook habitat in Big and Little Malard Creeks.

The project area activities chosen to monitor include the Grouse, Noble, and Jack timber sales. Timber
sale roads and harvest have been completed for these activities. The Grouse and Jack timber sdes are
located entirdly within Grouse Creek and Jack Creek watersheds, both of which are tributaries of Big
Mallard Creek. The Noble timber sde islocated within the Little Malard Creek watershed. Within
each case, dl road congtruction and timber harvesting were completed between 1992 and 1998.

Pebble count data for fixed transects, averaged for al water types, and collected in conjunction with
these timber sdles are summarized in Table 13. Percent fines (<6mm) are variable, but generdly less
than 40% for most Sites. Stream monitoring indicated an overall decrease in the percentage of pebble
count samples composed of subgirate lessthan 6 mm at dl of the monitoring Sites from 1995 to 1998
(NPNF, 1999b). The report concludes, however, that four years of datais insufficient to test for trends.
At aminimum, severd years of additiona datawould be necessary to draw on presence/absence trends
for depogited fine sediment in the streams monitored within Big and Little Malard Creeks (NPNF,
1999h). Further, the current sampling Site design, considered cumulative effects monitoring Stes is
recognized as being inadequate to ever conclude whether a sediment trend at the Sites could betied to a
number of activities related to roads, grazing, timber harves, etc (Table 14). In the future, it is
recommended by NPNF (1999b) that sampling focus on these activities through road and harvest
reviews or other updope monitoring methods to establish the need for implementing forest practices
source control measures and other immediate mitigation measures (e.g., Forest Practices Cumulative
Watershed Effect Process).

Table 14 summarizes dl road miles, road density (mi/mi%), and harvested acres, for the specified
prescription watersheds (represented by a single watershed number and name). Generdly, the
equivaent clear-cut acres are lessthan 2 percent of Harvest %. The data contained within the table
isas of February 1998.

Water samples for turbidity were collected in Crooked Creek near the Dixie Work Center (NPNF,
1990a). Turbidity ranged in values from 0.5 to 10 Jackson units, which are too low to be considered
violations of state water quality standards for turbidity. These measurements were considered A spot@
and not taken from a representative context for monitoring critical conditions. Cobble embeddedness
surveysin 1989 did conclude that upper Crooked Creek has relatively high cobble embeddedness
(Table 15), dthough basdline naturd embeddedness was considered lower than most other streams
(NPNF, 1990a). Owing to disturbances being rdatively light, the Nez Perce Forest speculated that

the high cobble embeddedness in these creeks was due to natura geologic conditions, past fire history,
low gradient channd reaches, and low sediment flushing rates (NPNF, 1990a). A high percentage of
natural and existing cobble embeddedness was aso reported for prescription watersheds within the Big
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Mallard Creek drainage (i.e., Jack and Noble Creeks), aswell as the Little Malard Creek drainage.
Table 13. Summary of pebble count data (as % <6mm) for fixed transect locations averaged over all

water types (dow to fast) (NPNF, 1999b).

Stream Name Range of percent (%) fines (<6mm)
Little Mallard Creek below Noble timber sale 17t0 35
Little Mallard Creek below Sinker Mine 64to 78
Little Mallard Creek site #9 2t0 12
Big Mallard Creek below Grouse Creek 19to 21
Big Mallard Creek above Jack Creek 2510 36
Big Mdllard Creek above Slide Creek 35t0 48
SF Big Mallard Creek 24 to0 46
Big Mallard Creek site #10a near mouth ltoll
Big Mallard Creek site #10b near mouth 6 (1998 only)
Grouse Creek 32t0 49
Jack Creek 74t0 80
Bargamin Creek 17to0 26
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Table 14. Cumulative watershed accounting of management activitieswithin Big and Little Malard
Creeks (NPNF, 1999b).

Watershed Name Acres Road miles | Road Harvest acres | Harvest %
density

Noble Cr. 7,283 10.7 0.4 271 4
Grouse Cr. 1,230 20 104 148 12
Jack Cr. 4,265 119 178 109 3
Middle Big Mdllard Cr. 5,057 89 113 11 0
Upper Big Mallard Cr. 4,444 33 047 164 4
SF Big Mallard 4,622 0 0 0 0
Big Mallard above Jack Cr. 14,123 122 0.55 175 1
Big Mallard below Grouse Cr. 19,618 26.1 0.85 432 22
Bat Creek 2,957 0.2 0.05 0 0
Lower Big Mallard Cr. 6,672 49 047 0 0
Big Mallard near mouth 37,070 419 0.72 703 19
Little Mallard Cr. 8,215 133 104 76 1
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Table 15. Edimated natura and existing cobble embeddedness (%) for streams in the Cove Mallard-
Timber Sales areas (NPNF, 1990a).

Stream Channel Type Natural Existing
SF Big Mallard Creek B 59 59
C 64 64
Upper Big Mallard Creek A 48 48
B 67 68
Cc 63 63
Middle Big Mallard Creek B 53 53
C 62 62
Noble Creek A 47 47
B 67 73
C 77 83
Lower Big Mallard Creek B 58 58
C 70 70
Little Mallard Creek A 39 39
B 65 65
C 72 82
Jersey Creek A 64 66
B 67 74
Upper Crooked Creek A 20 53
B 25 62
C 25 67
Upper Rhett Creek A 48 48
B 67 81
C 76 88
Jack Creek B 67 85
C 7 85
Grouse Creek B 67 72
Bat Creek A 64 72
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Stream Channel Type Natural Existing
B 67 74
C 77 88
Big Blowout Creek A 60 60
B 67 88
Comstock Creek A 64 80
B 67 76

Warren Creek Watershed Habitat Assessments - Payette National Forest

The Warren Creek drainage was assessed by Payette Nationa Forest in 1993 to 1995 (PNF, 1995).

A synopsis of that assessment for Warren Creek proper islisted in Table 16. A number of tributaries to
Warren Creek were also assessed. Most were identified as having excessive fines (greater than 15% as
defined by the Payette National Forest) and alack of pool and deep pool habitats. Warren Creek itsdlf
does not gppear to have excessive fine sediments, dthough some reaches are margind (near 15%), but

Warren Creek has significant habitat degradation due to past dredge mining. Warren Creek above
Schisder Creek has been extensvely dredge mined in the 1920s and 1930s resulting in large,
unvegetated cobble/rubble piles throughout the valley. Reach #1 gpparently had atemperature
measurement greater than the 22°C maximum for cold water biota. Reach #1 is at the confluence with
the SAmon River and temperatures may reflect mixing with the Salmon River or the higher air
temperatures experienced at lower evations. These data are considered minor criteria exceedances
and insufficient to place the entire creek in violation of temperature sandards.

Table 16. Warren Creek Habitat Assessment (PNF, 1995).

Reach Beginning Channel | Dominant | Flow | Temp. | Salmonids Comments
Confluence | radient | substrate (cfs) ©
1 mouth/ A -6% boulder/ 23 18-24 juv. steelhead & whitefish, sculpin,
Salmon R. cobble chinook, brook sucker at mouth
2 Richardson | A - 9% boulder/ 14.5 18-21 rainbow/steelhead, | fines=5.9%, boulders,
cobble brook high gradient riffles,
low pool and gravel
3 unnamed A -8% boulder/ 16 9-21 rainbow, steelhead, | fines=14.9%, lack of
cobble brook deep pools
4 Schissler C-0.4% | gravel/ 14 10-14 rainbow, steelhead, | fines=8.2%, slight pool
rubble brook shortage
5 unnamed C-0.5% | gravel/ 11 8-20 juv.steelhead, fines=9.9%, dredge
sidechanne rubble brook, bull ponds, rubble/cobble
| pilings, lack cover/
large woody debris
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Reach | Beginning Channel | Dominant | Flow | Temp. | Salmonids Comments
Confluence | radient | substrate (cfs) ©

6 Steamboat | C-1% gravel/ 7.4 8-15 steelhead, brook fines=8.9%, deeply
rubble entrenched in dredge
piles, lack cover/large
woody debris

7 Slaughter B-2.3% | gravel/ 16 15 steelhead, brook fines=15%, deeply
rubble entrenched in dredge
piles, lack ponds/
cover/ large woody

debris
8 Mayflower | A -9% cobble/ 19 10-19 brook fines=12.4%, rock wall
rubble/ banks, lack pools,
boulders migration barrier
9 Webfoot A -5% gravel/ 0.6 9-14 no fish above fines=14.9%, small
rubble barrier pilings, large pools

askew from stream

ASSESSMENT DATA GAPS

More information on water temperature and bull trout spawning and rearing are needed for the mouths
of Big and Little Mallard Creeks and Warren Creek to determineif there isindeed awater temperature
problem here. No information on conditions has been obtained for Carey Creek and Rabbit Creek sub-
watersheds, or from any sub-watershed east of Sabe Creek (with the exception of the three streams,
Corn, Cramer, and Bear Basin Creeks, assessed through BURP). Most streams east of Sabe Creek
(e.g. Chamberlain Creek drainage) are in wilderness area.

POLLUTANT SOURCE INVENTORY

Pollutant sources may occur as point sources, those for which effluent limitations may be required under
sections 301(b)(1)(A) and 301(b)(1)(B), or nonpoint sources of pollutants that are not subject to
effluent limitations. There are no NPDES permitted point sources within the Salmon-Chamberlain
subbasin according to EPA databases.

Nonpoint pollution sources that can affect sediment discharges in the Samon-Chamberlain subbasin
include forest management and forest road and harvest activities, recreationa activities, roads,
congtruction, pastures and paddocks associated with human occupied areas, mining, livestock grazing,
and natura and induced mass wasting processes.
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The Nez Perce Nationa Forest and Payette National Forest conduct forest management activities
including road building, timber thinning and harvesting, and fire suppresson that may result in increased
erosion and sedimentation. According to data from the Nez Perce National Forest (NPNF, 1994),
there are about 288 miles of road in the areafrom Little SAmon River to Sabe Creek (north side of
Samon River). These roads range in type from high standard, aggregate- surfaced travelway to narrow,
native-surfaced jeep trails with extreme grades.

Watershed road dengity in general across the subbasin isless than 1.0 mile/square mile. The exceptions
arein the watersheds of Allison, Carey, Fall Creek, and severd smdler drainagesin the SAmon River
north face 5th field HUC combined watershed. For example, the Jersey Creek watershed hasa

road dengity around 1.0 mile/square mile. Overal, the road densty throughout the subbasin is
conddered low. Road densty may be of concern in the western Wind River drainage, where there are
no listed stream segments. The amount of effect (i.e., hydrograph changes, sediment yield changes, etc.)
from road dengity within the subbagin is potentialy minima snce most of the arealisroadless or under
wilderness designation.

There were two on-going activitiesin the Big Malard Creek watershed that had the potentid to
ggnificantly increase sediment: the hauling of harvested timber and improvements on Forest Road 421.
These activities, now completed, were not considered to pose significant threet to steelhead habitat
(NPNF, 1999a). Jack Creek has been identified as a source of suspended sediment, presumably
originating from doughed banks and overwidened areas caused by overgrazing, roads, and harvest
activity (NPNF, 1994).

Dixie has the potentid to produce asmall, localized increase in sorm water discharge to upper
Crooked Creek because of the buildings and recreational development activities. Dixie has been
extengvely subdivided, with 80 private resdences ranging from small |ots to 40-acre parcels, and
severa businesses. The town site islocated on the 154-acre Crooked Creek Placer patented mine
clam, which runs adjacent to 32 miles of Crooked Creek. This reach of the Creek has been dredge
mined and both the riparian and instream habitat has been moderately to severdly dtered. Common
activities associated with the town steinclude: channelization, bridge congtruction, ford crossings,
remova of riparian vegetation, landfills, sock holding corras, and homesite development.

Recregtiond activities in the subbasin may contribute to erosion and sedimentation. They include off-
road vehicle use, hunting, hiking, camping, horseback riding, bicyding, fishing, scenery and wildlife
viewing, and cross-country skiing.

Placer and dredge mining for precious metasis conducted at severd locations. Dredged areas near
Warren and Dixie are primarily on private ground. Very few mining clams are dill active on the north
sde of theriver, either on private land or Forest Service land. There are no known recent impacts to
greams from private clams on the north Sde of the river, but effects from past mining sill influence the
Crooked Creek watershed (NPNF, 1999a). The Robinson Dike Mine and private real estate
development are probable sediment sources contributing to Rhett Creek.
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Mining activity in the Dixie mining didtrict has been extensive Snce 1861. In particular, three mining and
exploration projects in upper Crooked Creek could be potentia sources of sediment. Of the three
projects, two are inactive, and the third, Million Dollar Placer 1 and 2, is not expected to significantly
affect sediment yidd (NPNF, 1999a). The Million Dollar Placer Project does occur in the floodplain
and riparian zone, approximately 33 feet or more from the stream channel. According to the Nez Perce
Nationa Forest (NPNF, 1999a), the mine has exposed and not reclaimed alarge area of bare soil in
the floodplain of upper Crooked Creek. In the event of high water during flooding, the active part of the
project within the floodplain may contribute fine sediment, gravel, and cobble materids.

Grazing activities that may contribute to riparian vegetation loss and increased sediment load are
relaively few. They include short-term, Site-specific grazing of pack and saddle stock and minor
domestic livestock grazing that occurs mostly on private land holdings throughout the subbasin. Past
grazing sill impacts areas within the Big Creek drainage. Lower Big Mdlard supports three grazing
dlottments, two active and one inactive. Grazing has occurred at various levds snce 1946. Within the
Big Malard Creek watershed, there is a 28,830 acre grazing alottment. Riparian function and channd
characteritics have been dtered at severd ranch and resdentia |ocations aong Jack, Meyers, and Big
Mallard Creeks (USFS, 1999).

Mass wasting processes are important sedimentary processes to account for in the subbasin. The
combination of easly weathered granitic rocks that yield non-cohesive soils on steep dopes, and warm
Pecific air masses flowing through the areathat cause rain-on-snow events, can result in sgnificant
events. Landdides and debris torrents are naturaly-occurring processes. However, forest management
activities have been shown to increase their occurrence. Many times, these mass wasting events are
triggered by thunderstorms, the freeze-thaw cycle, wildland fires, or more commonly from rain-on-snow
events. The effects from prescribed burning are considered to be less than those of uncontrolled
wildland fires (USFS, 1999).

POLLUTANT SOURCE DATA GAP

Information on sediment sourcesin listed streamsiis limited in extent. The recent NEZSED modeing
performed by the Nez Perce National Forest would serve as a starting point for any further morein-
depth characterization work necessary for the subbasin. The Nez Perce NEZSED modd predicts
natural and activity yield for stream segments aong the north side of the Samon River. Other than this
preliminary modding and that performed on the main Samon River (see Table 12), thereis limited
sediment-related monitoring or sampling results available,

SUMMARY OF POLLUTION CONTROL EFFORTS
This section describes some past and present pollution control efforts in surface waters in the subbasin.

The scopeis limited to those efforts that could control sediment, the primary parameter of concern
identified in the 1996 ' 303(d) lit.
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Past Pollution Control Efforts

A summary of retoration efforts completed within the subbasin by the Nez Perce Nationa Forest
between 1993 and 1997 is contained in Appendix 3. Most pertain to roadway improvements and
streambank restoration.

The ldaho Forest Practices Act was codified during the mid-1970's to comply with ' 208 of the Clean
Water Act. The Forest Practices Water Quality Management Plan identifies the Rules and Regulations
Pertaining to the Idaho Forest Practices Act as best management practices (BMPs) to be used during

forest practices (e.g., logging) to protect surface water quality.

Present Pollution Control Efforts

Presently, there are not many control efforts being conducted or immediately planned in the mining areas
of Warren Creek and Crooked Creek. The Payette National Forest plansto do some trail work and
possibly some road maintenance in the Warren Creek drainage in the vicinity of the Burgdorf Junction
fire (Zuniga, 2001). Rehabiliation work in the Crooked Creek drainageis of low priority compared to
other projects elsewhere in the Nez Perce Nationa Forest (Gerhardt, 2001).

In general, the USFS has an ongoing program to control pollution associated with forest practices. Fire
prevention, suppression, and management activities are conducted by the forest service in ways
developed to minimize water pollution. Additiondly, the Forest Service has entered into a memorandum
of understanding with the state and other federal agencies to address non-point source pollution to
waterways. The following are excerted from the Idaho Department of Environmentd Quaity Non-point
Source Management Plan (DEQ, 1999):

“The Forest Service, under the Organic Act Of 1897 (16 U.S.C. 551), the Multiple Use Sustained
Yield Act of 1960 (16 U.S.C. 528), as amended, and the National Forest Management Act of 1976
(16 U.S.C. 1600), is directed to regulate the occupancy and use of National Forest System Lands. The
Clean Water Act, as amended, (33 U.S.C. 1323) directs the Forest Service to meet state, interstate
and loca substantive as well as procedura requirements respecting control and abatement of pollution in
the same manner, and to the same extent as any non-governmenta entity.

“Executive Order 12372 (September 17, 1983) directs the Forest Service to make efforts to
accommodate and foster intergovernmental partnership by relying on state processes, to the extent
feasble for state coordination and review of proposed federd financid assistance and direct federd
development.

“The U.S. Forest Service is responsible for the management of over 20.4 million acres of Nationd
Forest Service landsin Idaho. These are public lands that form the headwaters of many of Idaho’s
important river systems. The Forest Service has the statutory authority to regulate, permit and enforce
land-use activities on the Nationa Forest System lands that affect water quality.



“As the designated management agency, the Forest Service is responsible for implementing 1) nonpoint
source (NPS) pollution control; and 2) the Idaho State Water Quaity Standards on National Forest
System lands. The basis of the Forest Services's nonpoint source pollution control policy sems from
the: Nationd Nonpoint Source Policy (December 12, 1984); Forest Service Nonpoint Strategy
(January 29, 1985); and the USDA Nonpoint Source Water Quality Policy (December 5, 1986). The
Forest Services water quality policy isto: 1) promote the improvement, protection, restoration and the
maintenance of water quaity to support beneficia uses on dl nationd forest service waters, 2) promote
and apply approved best management practicesto dl management activities as the method for control
of NPS pallution; 3) comply with established state or nationd water qudity gods, and 4) design
monitoring programs for specific activities and practices that may affect or have the potentid to affect in-
stream beneficid uses on Nationa Forest System lands.

“The Forest Service aso coordinates dl water quality programs, on Nationa Forest System lands
within itsjurisdiction, with the local, Sate and federal agencies, affected public lands users, adjoining
land owners, and other affected interests.” (DEQ, 1999; Appendix A-1, pp.5-6)

“ THE FEDERAL LAND MANAGEMENT AGENCIES AGREE

1. That federa agencies will be subject to, and comply with, State requirements in the same manner and
to the same extent as any other party to this agreement, or other nongovernmenta entity.

2. Toannudly, by May 1, develop or update water quality monitoring plans to meet the intent of the
Antidegradation Policy and the NPS Water Quality Management Program, and provide to IDHW
monitoring results information relative to the feedback loop.

3. To annudly provide, to the designated IDHW and IDL offices, by May 1, agenera schedule of
proposed land-disturbing activities during the forthcoming year. Projects and programs for which the
federd agencies specificaly request assstance will be identified.

4. To involve the IDWR, IDHW and IDL at the appropriate time in the NEPA process for

projects having significant potentia to impact beneficia water uses.

5. To incorporate the ten items for Federa Congstency Review Criteria (pages 26-28 of the Idaho
Nonpoint Source Management Program) into NEPA documents.

6. To insure that dl new and renewed plans, leases, contracts, specia use authorizations,

easements, right-of-way documents and other agreements involving permitted activity on

federd lands, contain provisons for compliance with al water pollution control statutes and regulations
(federa and gtate) under the authority of the Clean Water Act.

7 . To provide in-house training to federa Personne to increase employee avareness of, and sengitivity
to, the importance of maintaining water quality, potentia impacts to water quaity, applicable sate and
federd law, and state-of-the-art techniques used to prevent water quality problems.” (DEQ, 1999,
Appendix A-1, p.9)

“The Federd Agencies Agree:

1.To comply with the water qudity protection provisons of the IFPA Rules and Regulations.

2.To conduct interim internd reviews of best management practices (BMPs) by annudly examining a
representative sample (target 10%) of timber related projects on lands they administer and prepare
written BMP evauation reports. Summaries of these reports will be provided to IDL and IDHW, for
inclusion in the annua Forest Practices Water Qudity Management Plan Report.
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3.To participate in the statewide Forest Practices Audit Team, provide necessary information for
selection of timber sales and provide technica expertise in audit procedure.

4.To develop and implement a variance policy that assures that when a specialized BMPis used,
instead of a specific IFPA rule or regulation, that the practice selected protects beneficial uses.

5.To provide technical support to IDL and participate on the forest practice cumulative effects tasks
force.

6.To notify IDHW of any suspected occurrences of beneficid use impairment that occur on National
Forest System lands and public lands administered by the BLM.

7.To notify IDL of al suspected non-compliance with water quality protection provisions of the IFPA
rules and regulations on federdly administered lands.

8.To provide technica support, to IDL, in the adminigtration and implementation of the water quality
protection provisons of the rules and regulations pertaining to the IFPA on federdly administered
lands.” (DEQ, 1999; Appendix A-2, pp.3-4)

DISCUSSION

The Sdmon-Chamberlain subbasin is predominantly federd land, the mgority of which iswilderness
designation. With very little privately held land, low road dendities, and few areas of disturbance, itis
safe to characterize the overdl subbasin as one of the more pristine in the lower 48 contiguous States.
Notwithstanding, seven tributaries and the main sem of the Samon River have been listed on the
303(d) ligt. Thislisting has apparently been done through an administrative process without actua
documented violations of the Idaho Water Quality Standards for the designated pollutants of concern.
The assessment of 1997 BURP samples and additiond datafor the listed stream segmentsin the
subbasin indicates that the 303(d) listed streams are dl fully supporting their agquetic life uses.

There are two areas of past and present activities, which are of concern. Warren Creek was
extensvely dredge mined in the past and alarge area remains with sparse naturd riparian vegetation.
Crooked Creek in the vicinity of Dixie was dredged in the past and currently receives some level of
perturbation from local resdences and roads. An analysis of macroinvertebrate assemblages indicated
that Crooked Creek has experienced some impacts from fine sediments (Clark, 2000). Both streams,
however, are fully supporting their aquetic life uses. Although these areas are of concern and should
receive some oversight to prevent further degradation or to restore habitat if possible, it isnot clear that
aTMDL iswarranted or justified based on aguetic life assessments.

Throughout the subbasin, there are apparent legacy issues related to severd areas that have been
dtered by mining, road congtruction, and grazing. Logging accounts for asmal percentage of the
subbasin, about 2% of the non-wilderness'non-roadless area. It is anticipated that the Forest Service,
the principle land owner, will continue to monitor and take corrective actions where necessary to
maintain water quality within these aress.
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RECOMMENDATIONS AND CONCLUSION

According to the Clean Water Act, any stream with sediment pollution exceeding weater quaity
standards is required to have a TMDL prepared. The subbasin assessment is step one of two, where
the second step is preparing the load characterization and alocation for waters truely impaired by
pollutants.

Avallable dataindicate a minimaly impacted subbasin and aguatic life uses are fully supported. We
concludethat state water quality standardsfor sediment are not being exceeded in the listed
water bodiesin thissubbasin. Therefore, Big Mallard Creek, Little Mallard Creek, Rhett
Creek, Crooked Creek, Big Creek, and Jersey Creek, areto beddisted from the next 303(d)
list. Warren Creek shall remain on the 303(d) list for habitat alteration.

The lower portions of Big Mallard Creek, Little Mallard Creek and Warren Creek need to be further
investigated for possible spawning and rearing temperature problems. If the mouths of these creeks are
not used for sdmonid spawning, then thisis perhgps amoot point. Crooked Creek violates
temperaturecriteriafor bull trout spawning and rearing. The Crooked Creek TMDL for
temperaturefollowsin the next sections of this document.

The IDEQ will also dedlist the Salmon River, from Cherry Creek to Corn Creek. There are no
pollutants identified for its 303(d) listing. This suggestsit may have been listed based on concern thet the
Sdmon River'swater quality be preserved for fisheries and recregtion, not concern that its water
quality has been compromised. Thereis no evidence establishing that the river violates any sate water
quality standard. Since no pollution has been documented, and in fact dl Sgnsindicateit is one of the
more pridtine riversin the country outsde Alaska, a TMDL for the Middle Samon River within the
subbasin is not necessary at thistime. Sinceit isimportant for threatened and endangered sdlmonids, the
river will continue to be monitored and protected by land management agenciesinto the foreseegble
future in accordance with their responsibilities and the Endangered Species Act.

Warren Creek, though impacted by past dredge mining, is still supporting its beneficid uses. Had
beneficia uses not been fully supported, it is not possible to perform aload-oriented TMDL for habitat
dteration. A recovery plan should be pursued by the Payette National Forest to address the long-term
gtability of dredged areas. Since impacts from roadways may be the greatest source of current human-
caused sedimentation, awater quaity management plan directed at road problems should be
investigated by the Forest Service. Additiondly, the sub-watershed will require substantia stream
restoration work to return riparian areas to the naturd state. We believe this restoration is important to
further protect the aguetic life usesin this creek.
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Load Allocation
Total Maximum Daily Load (TMDL)
Crooked Creek
Middle Salmon River — Chamberlain Creek Subbasin
17060207

Revised: December 2002

For

WQ CONCERNSAT A GLANCE:

Water Body of Concern:

Assessment Units:

Subbasin:
Watershed | dentifier:
Parameter of Concern:

Key Resour ces:

Uses Affected:

Sour ces Considered:

Crooked Creek

(1D17060207SL 067_05, ID17060207SL 068_02,
ID17060207SL 068_03, | D17060207SL 068_04)

Middle Salmon River-Chamberlain Creek
17060207

Temperature

Chinook Salmon

Steelhead Trout

Bull Trout

Westdope Cutthroat Trout

Resident Rainbow Trout

Salmonid Spawning, Cold Water Biota

L egacy Effectsfrom Historic Mining,
Altered Riparian Condition
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WATERSHED DESCRIPTION

Crooked Creek is atributary to the main Salmon River in central Idaho. Crooked Creek
originates near the divide with the South Fork Red River (South Fork Clearwater River subbasin)
below Elk City. The creek flows southwest for about 11 miles, then bends west for several
miles, then flows southwest again for another eight miles before entering the Salmon River.
Fifty-four percent of the Crooked Creek watershed is in the Gospel-Hump Wilderness (the lower
half of the stream), while 2% isin private ownership. The remaining lands are in the Nez Perce
National Forest. There are two large tributaries, Big Creek and Lake Creek, entering the middle
reaches of Crooked Creek as well as numerous smaller tributaries throughout the watershed. The
upper half of Crooked Creek isin mixed conifer forest communities. Below Big Creek, Crooked
Creek enters an area of decreasing tree density. By the time Crooked Creek reaches the Salmon
River, the landscape is predominantly grass/shrub communities with few trees (see aeria
photographs in Appendix 6 for examples).

WATER QUALITY CONCERNS

The problem assessment process determined that, although moderately high, sediment was not
impairing aquatic life in this stream. However, it was determined that temperature
measurements were high enough that salmonid spawning in upper Crooked Creek and bull trout
spawning and rearing, if they occur in Crooked Creek, may be affected.

Temperature loggers have been placed in Crooked Creek at four locations every year from 1994
t0 1999 (Map 12). These four locations include: 1) a headwaters site (Site 1), 2) alocation below
the town of Dixie and the Forest Service Dixie Work Center, but above the tributaries of Big
Creek and Lake Creek (Site 2), 3) alocation directly below Lake and Big Creeks (Site 3), and 4)
afourth location near the mouth of Crooked Creek (Site 4). The monitoring data show that the
headwaters are relatively cool, but the water temperature increases rapidly through the impacted
areas around Dixie. Water temperatures are cooled by entering the wilderness area and from the
flow from Big Creek and Lake Creek. The water heats up again as it travels the remaining
distance through the wilderness area to the mouth.

Elevations range from near 6000 feet in the headwaters to near 2000 feet at the mouth. We
presumed that heating of the water as it passes through the wilderness area is a natural
phenomenon, a result of atmospheric influences (air temperature and direct solar radiation).
Aeria photos reveal that much of the wilderness area is open woodlands and grasslands (see
Appendix 6).

Air temperature data for the Dixie area are presented in Appendix 5. From 1960 to 1990, Dixie
reached an average maximum air temperature of about 78°F (25.5°C) in the summer time. With
a standard lapse rate of 3.6°F (2°C) increase for every drop in 1000 feet of elevation (Aherns
1991), the mouth of Crooked Creek 3000 feet down may normally experience average maximum
air temperatures near 89°F (31.7°C).
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Map 12. Temperature monitoring siteson Crooked Creek.
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A description of the location of the four sites follows:

Q

Q

Site 1, approximately 5860 feet elevation, is located in the headwaters above Horse Flat
Creek, which is 1.5 miles downstream from the origin of Crooked Creek at Dixie Summit.
Site 2, approximately 5020 feet elevation, is 1.5 miles upstream of Big Creek and above the
wilderness boundary. It is below the town of Dixie and a large open meadow with airstrip.
Site 3, approximately 4240 feet elevation, is approximately 300 feet below Lake Creek
tributary.

Site 4, approximately 2100 feet elevation, is 0.25 miles upstream from the mouth of Crooked
Creek.

60



Temperature Data Analysis

Surface water temperature data collected by the Nez Perce National Forest from Crooked Creek
during 1994 to 1999 were used in this assessment. The data were collected from the four
localities using temperature data loggers set to record hourly values. Raw data files were edited
by deleting spurious air temperature values, days with less than 24 readings, and negative values.
Mean and maximum statistics were calculated from the edited raw data and are presented in
Table 17.

Table 17. Overall mean, peak maximum weekly maximum temperature (MWMT), and peak
maximum weekly average temperature (MWAT) statistics calculated for the recording period
(late June to early October) for each site and year.

Overall Mean Temperature °C

Y ear Sitel Site2 Site3 Site4
1994 8.7 11.3 11.1 14.3
1995 7.4 10.1 9.0 12.3
1996 8.5 11.2 10.3 12.4
1997 7.6 8.9% 8.8 13.5
1998 10.0 12.4 12.1 12.1
1999 5.6 9.4 7.9" 10.3"
Average 8.0 10.6 9.7 12.5
Highest Maximum Weekly Maximum Temperature °C (MWMT)
1994 14.1 215 18.2° 2.4
1995 12.7° 18.6" 15.3% 18.9
1996 135 19.5 15.6 18.8"
1997 12.9 17.2 15.6 19.1
1998 14.4 20.2 17.0 20.9
1999 12.77 18.7 15.4 19.6
Average 13.4 19.3 16.2 20.0
Highest Maximum Weekly Average Temperature °C (MWAT)
1994 13.0 16.7 16.0 19.5
1995 10.7* 13.8" 13.2% 16.3"
1996 12.0 14.9 13.7 16.7
1997 11.5 14.1 13.9 16.9
1998 12.3 15.5 14.9 18.2
1999 11.6 14.3 13.7 17.0
Average 11.9 14.9 14.2 17.4

* Highest temperature for each statistic recorded at that site.
# Lowest temperature for each statistic recorded at that site.

Peak MWAT demonstrate consistently that 1994 was one of the warmest years and 1995 was
one of the coolest in this data set. The other two statistics show this relationship less
consistently. Overall means vary only afew degrees from upstream (Site 1) to downstream (Site
4). However, the average overall mean demonstrates an increase in temperature at Site 2
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followed by a decrease in temperature at Site 3. This decrease in temperature at Site 3 is
consistent throughout the data set. These data suggest that even the headwaters of Crooked Creek
(Site 1) are fairly warm in the summer with peak MWMT averaging at 13.4°C.

Temperaturecriteria evaluation

Edited data sets were compared to Idaho temperature criteria for cold water aquatic life (22°C
instantaneous and 19°C daily average throughout the monitoring periods), bull trout spawning
(13°C instantaneous and 9°C daily average September through October at elevations over 4593
feet), bull trout juvenile rearing (12°C daily average June through August), and salmonid
spawning (13°C instantaneous and 9°C daily average January 15 through July 15 and September
through October). The edited data sets were also compared to the federal bull trout temperature
criterion (10°C MWMT June through September). The number of days exceeding these criteria

are summarized in Table 18 for each site and each year.

Table 18. Number of days exceeding temperature criteria at four sites on Crooked Creek.

Number of days in 1994 that Crooked Creek temperatures violated criteria.

SITE 22C” 19C 13C° 12C” 10C> 9C-SS° | 9C-BT'
Site 1 Horse Flat Creek 0 0 0 15 65 15 1
Site 2 Halfway House 4 0 28 49 89 31 14
Site 3 Lake Creek 0 0 15 0 77 30 0
Site 4 Mouth 7 11 36 0 81 44 0
TOTAL # of Days 11 11 79 64 312 120 15
Number of days in 1995 that Crooked Creek temperatures violated criteria.

SITE 22C 19C 13C 12C 10C 9C-SS 9C-BT
Site 1 Horse Flat Creek 0 0 1 0 62 18 6
Site 2 Halfway House 0 0 31 33 87 39 20
Site 3 Lake Creek 0 0 9 0 81 33 0
Site 4 Mouth 0 0 25 0 76 34 0
TOTAL # of Days 0 0 66 33 306 124 26
Number of days in 1996 that Crooked Creek temperatures violated criteria.

SITE 22C 19C 13C 12C 10C 9C-SS 9C-BT
Site 1 Horse Flat Creek 0 0 0 3 46 3 2
Site 2 Halfway House 0 0 22 46 72 26 13
Site 3 Lake Creek 0 0 7 0 71 22 0
Site 4 Mouth 0 0 17 0 69 40 0
TOTAL # of Days 0 0 46 49 258 91 15

122C=cold water aquatic life maximum year round.
2 19C=cold water aquatic life daily average year round.
3 13C=salmonid spawning maximum to 7/15 and 9/15-11/15.
4 12C=bull trout daily average 6/1-8/31.
5 10C=bull trout maximum weekly maximum 6/1-9/30.
6 9C-SS=salmonid spawning daily average to 7/15 and 9/15-11/15.
79C-BT=bull trout spawning 9/1-10/31.
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Table 18. Continued.

Number of days in 1997 that Crooked Creek temperatures violated criteria.

SITE 22C 19C 13C 12C 10C 9C-SS 9C-BT
Site 1 Horse Flat Creek 0 0 0 1 45 11 11
Site 2 Halfway House 0 0 11 32 60 16 16
Site 3 Lake Creek 0 0 6 0 49 17 0
Site 4 Mouth 0 0 27 0 75 38 0
TOTAL # of Days 0 0 44 33 229 82 27
Number of days in 1998 that Crooked Creek temperatures violated criteria.

SITE 22C 19C 13C 12C 10C 9C-SS 9C-BT
Site 1 Horse Flat Creek 0 0 2 16 62 20 18
Site 2 Halfway House 0 0 19 48 73 22 20
Site 3 Lake Creek 0 0 15 0 66 21 0
Site 4 Mouth 0 0 47 0 118 71 0
TOTAL # of Days 0 0 83 64 319 134 38
Number of days in 1999 that Crooked Creek temperatures violated criteria.

SITE 22C 19C 13C 12C 10C 9C-SS 9C-BT
Site 1 Horse Flat Creek 0 0 2 1 62 8 0
Site 2 Halfway House 0 0 11 45 75 18 10
Site 3 Lake Creek 0 0 4 0 60 12 0
Site 4 Mouth 0 0 34 0 108 60 0
TOTAL # of Days 0 0 51 46 305 98 10
Average annual number of days that Crooked Creek temperatures violated criteria at each site.

SITE 22C 19C 13C 12C 10C 9C-SS 9C-BT
Site 1 Horse Flat Creek 0 0 0.83 6 57 12.5 6.33
Site 2 Halfway House 0.67 0 20.33 42.17 76 25.33 15.5
Site 3 Lake Creek 0 0 9.33 0 67.33 22.5 0
Site 4 Mouth 1.17 1.83 31 0 87.83 47.83 0
TOTAL # of Days 1.84 1.83 61.49 48.17 288.16 108.16 21.83

Cold water aquatic life criteria (22C and 19C) were exceeded in only one (1994) of the six years
of data. All other criteria were exceeded every year. The dailly maximum salmonid spawning
criterion (13C) included both spring spawning and fall spawning time periods. This criterion at
Site 1 was exceeded only occasionally. At the other sites it was exceeded up to a month or more.
The 12C and 9C-BT are state criteriafor bull trout rearing and spawning, respectively. These
criteria are applied to waters above 4593 ft. (1400 m) elevation. Thus, no violations are recorded
for Sites 3 and 4 for these criteria. The 12C criterion is exceeded from zero to 16 days, with an
average of six daysat Site 1. At Site 2 this criterion is exceeded an average of 42 days. The 9C-
SS and 9C-BT criteriareflect the differences between just the fall spawning period (9C-BT) and
both spring and fall spawning periods (9C-SS). At Sites 1 and 2 the number of days exceeding
criteria can double when both spring and fall spawning periods are considered. The 9C-SS
criterion shows how spring and fall spawning temperatures faired at Sites 3 and 4, generally a
month or more of violations. The 10C criterion is the federal bull trout criterion that applies to

the entire creek during the summer months (June through September). It is the lowest
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temperature of al the criteria represented here that applies during the warmest time period of the
year. Therefore, the 10C criterion reflects the maximum number of daysin violation, averaging
from 57 days at Site 1 to 88 days at Site 4.

The elevation change between Site 1 and Site 4 is about 3,731 feet. Over half (56%) of that
change occurs between Sites 3 and 4 (Table 19). Surface waters tend to warm to a greater extent
at lower elevations because air temperature is usually greater. However, the rate of changein
water temperature should be proportional to the change in elevation, regardless of actual
elevation provided that the water is flowing at the same rate and exposure is the same. Crooked
Creek, however, has two large tributaries (Big Creek and Lake Creek) between Sites 2 and 3 that
potentially contribute cooling water to Crooked Creek. And the gradient in the upper section is
much lower than below Site 2.

Table 19. Amount of change between sites for numbers of days exceeding certain criteria
(averages for period of record: 1994 to 1999).

Site Elevation Distance from | No. Days No. Days
(feet) Source (miles) | Exceeding Exceeding
9°C* 10°C®
#1 —Horse Flat Creek 5860 15 13 57
#2 — Hafway House CG 5049 10.7 25 76
Change from #1 to #2 -811(22%) +9.2(47%) +12(34%) +19(61%)
#3 — Lake Creek 4209 12.8 23 67
Change from #2 to #3 -840(22%) +2.1(11%) -2(-6%) -9(-29%)
#4 — Mouth 2129 21 48 88
Change from #3 to #4 -2080(56%) +8.2(42%) +25(71%) +21(68%)

*9°C as adaily average first day of monitoring through 7/15 and 9/1 through 10/31.
@ 10°C as a 7-day moving average of daily maximums during June 1 to September 30.

Table 19 shows rates of change for various parameters between sites. For example, the elevation
change between Sites 1 and 2 is 811 feet or 22% of the total elevation change for the creek. The
largest elevation change occurs between Sites 3 and 4 (56%). The distance traveled between
sitesis greatest between Sites 1 and 2 (9.2 miles). We have used two criteriain Table 19 to
analyze rates of change in number of days exceeding criteria. We used number of days
exceeding criteria as an indication of water temperature; in other words, cooler temperatures
produce few numbers of days exceeding criteria, warmer temperatures produce more days
exceeding criteria. The number of days exceeding a daily average of 9°C is based on the
salmonid spawning criteria that would normally apply to Crooked Creek in the spring to July 15
for rainbow and cutthroat trout and from September 1 to October 31 for bull trout. Table 19
shows the number of days exceeding 9°C as a daily average during those time periods. The other
criterion is the federal bull trout criterion of 10°C as a 7-day moving average of the daily
maximums. This criterion applies June 1 through September 30.

The 10°C criterion shows that there was about an equal amount of change in number of
exceeding days between Sites 1 and 2 (19 days) as compared to Sites 3 and 4 (21 days) despite a
two-fold difference in elevation change under the same comparison (811 ft. versus 2080 ft.).
This suggests that the creek between Sites 1 and 2 is warming more than it should based on

64



elevation change alone. The 9°C criterion does not show this relationship. However, this
criterion was not applied during the warmest part of the summer between July 15 and September
1. Inthis case, the change in number of days exceeding 9°C daily average between Sites 3 and 4
is about twice the rate of change between Sites 1 and 2, consistent with elevation differences. In
avoiding the warmest part of summer, this criterion does not reflect exceedances during warmer
air temperatures and perhaps direct solar inputs from the sun high in the sky.

Rates of Temperature Increase

Rates of warming were estimated from raw temperature data as well. The differences in overall
recording period mean temperature, maximum weekly maximum, and maximum weekly
average, each averaged for all years of data, were calculated for the stream reaches between
monitoring Sites 1 and 2, 2 and 3, and 3 and 4. For example, an overall mean is calculated for
the June to October recording period for each site for each year. The overall means for each year
are then averaged to form a single overall mean for that site. To determine rates of change
between two sites, the overal mean for the upper site is subtracted from the overall mean for the
lower site. These differences were divided by the amount of change in elevation and reach
length to obtain two rates of temperature change. These rates are temperature change per stream
mile and temperature change per 1000 feet of elevation (Table 20).

Table 20. Temperature change as afunction of stream miles and elevation.

Site 1 to Site 2: 9.2 stream miles, 811 feet drop in elevation, gradient = 88.3ft/mi.

Rate of change per Rate of change per

stream mile 1000 feet elevation
Change in overall mean 0.28°C 3.2°C
Change in highest MWMT* 0.64°C 7.3°C
Change in highest MWAT 0.33°C 3.7°C

Site 2to Site 3: 2.1 stream miles, 840 feet drop in elevation, gradient = 394.4 ft/mi.

Rate of change per Rate of change per

stream mile 1000 feet elevation
Change in overall mean -0.41°C -1.0°C
Change in highest MWMT -1.46°C -3.7°C
Change in highest MWAT -0.31°C -0.8°C

Site 3to Site 4. 8.2 stream miles, 2080 feet drop in elevation, gradient = 252.4 ft/mi.

Rate of change per Rate of change per

stream mile 1000 feet elevation
Change in overall mean 0.34°C 1.3°C
Change in highest MWMT 0.46°C 1.8°C
Change in highest MWAT 0.39°C 1.5°C

*MWMT = maximum weekly average of daily maximum water temperatures.
#MWAT = maximum weekly average of daily average water temperatures.

Crooked Creek cools between Sites 2 and 3 because Big Creek and Lake Creek add flow, the
stream turns westward and may receive more shading from the mountain ridge to its south, and
there is an increase of riparian cover in the wilderness area. Thus rates of change are negative
values. Between Sites 1 and 2 the gradient is the lowest (88.3 ft/mi or 1.7%) although this
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stretch is the longest distance (9.2 miles). Residence time is greatest between Sites 1 and 2.
Between Sites 3 and 4 the distance (8.2 miles) is similar to Sites 1 and 2, however, the gradient is
substantially greater (252.4 ft/mi or 4.8%). The rates of change per stream mile are similar
between the lower reaches and the upper reaches. The rates of change per 1000 ft. elevation
between Sites 1 and 2 are at least twice the rates of change between Sites 3 and 4.

The stream reach between monitoring Sites 1 and 2 had the highest rate of temperature increase
on an elevational basis. This reach also has the lowest gradient, slower residence time, and
contains the most human disturbance, particularly the Dixie mining district, the town of Dixie,
the airstrip near Dixie Work Center, and associated roads. The stream reach between monitoring
Sites 3 and 4 is contained primarily in the Gospel Hump Wilderness. An area that was affected
by some legacy human disturbance from grazing (and possibly mining) at one time, and
presumably some disturbance from wildfire and current recreational activities. However, the rate
of temperature increase between Sites 1 and 2 needs to be reduced to be comparable to the
stream reaches between Sites 3 and 4.

Temperature Summary

Temperature data suggest (see Table 18) that Crooked Creek may have dightly elevated
temperatures naturally. The mouth of Crooked Creek on average has slight exceedances of cold
water aquatic life criteria, consistent probably with the Salmon River itself in this canyon. Even
in the headwaters of Crooked Creek stream temperatures are dightly greater than criteriaon
average creating a few days where salmonid spawning criteria are exceeded. Because salmonid
spawning criteria are applied to a default time period for spring and fall spawning species,
individual streams may have warmer temperatures near the end of the spring spawning period
(mid-July) or at the beginning of the fall spawning period (September 1%) without seriously
harming the actua spawning in the stream (i.e. fish spawn when the temperature is right and
there is sufficient time to do so). Additionally, because we often consider average condition,
there will be hot years when criteria are exceeded more often, and there will be cold years when
criteriamay not be exceed at all. In order to avoid confusion about criteria exceedances, the goa
of this TMDL is to achieve the natural temperature regime in the stream by returning the
effective shade to its natural condition. We anticipate that the natural temperature regime is
cooler than the present condition, however, the natural temperature regime may not necessarily
exclude temperature criteria exceedances.
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Temperature TMDL — Effective Shade/Thermal Load M odeling

Effective Shade Overview - Description of Shading Processes
(Provided by Peter Leinenbach, USEPA)

At any particular instant of time, a defined stream reach is capable of sustaining a particul ar
water column temperature. Stream temperature change that results within a defined reach is
explained rather ssimply. The temperature of a parcel of water traversing a stream/river reach
enters the reach with a given temperature. |If that temperature is greater than the energy balance
is capable of supporting, the temperature will decrease. If that temperature is less than energy
balance is capable of supporting, the temperature will increase. Stream temperature change
within a defined reach, is induced by the energy balance between the parcel of water and the
surrounding environment and transport of the parcel through the reach. The genera relationships
between stream parameters, thermodynamic processes (heat and mass transfer) and stream
temperature change are outlined in the flow chart below.

Stream Temperature Conceptual Model Flow Chart

>

Riparian Channel
Vegetation Morphology

Hydrology

slalpweled weans

Heat Energy Mass Transfer - Mixing of
Transfer Water

Rate Change in Stream
Temperature

olweuApoway ]

( sassaooid ||

Cumulative Effects

It takes time for the water parcel to traverse the longitudinal distance of the defined reach, during
which the energy processes drive stream temperature change. At any particular instant of time,
water that enters the upstream portion of the reach is never exactly the temperature that is
supported by the defined reach. And, as the water is transferred downstream, heat energy and
hydraulic processes that are variable with time and space interact with the water parcel and
induce water temperature change. Further, heat energy is stored within this parcel of water and
its temperature is the result of the heat energy processes upstream. Thisis commonly referred to
as a cumulative temperature effect, where conditions at a site contribute to heating of an already
heated parcel of stream water. The described scenario is a simplification; however,
understanding the basic processes in which stream temperature change occurs over the course of
a defined reach and period of timeis essential.
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Thermal Role of Riparian Vegetation

The role of near stream land cover in maintaining a healthy stream condition and water quality is
well documented and accepted in scientific literature (Beschta et al. 1987). Riparian vegetation
plays an important role in controlling stream temperature change. The important impacts that
near stream land cover has upon the stream and the surrounding environment warrant listing.

Near stream vegetation height, width and density combine to produce shadows that when cast
across the stream reduce solar radiant loading.

Near stream land cover creates a therma microclimate that generally maintains cooler air
temperatures, higher relative humidity and lower wind speeds along stream corridors.

Bank stability islargely a function of near stream vegetation. Specifically, channel
morphology is often highly influenced by land cover type and condition by affecting
floodplain and instream roughness, contributing coarse woody debris and influencing
sedimentation, stream substrate composition and stream bank stability.

The warming of water temperature as a stream travels and drops in elevation (longitudinal
heating) is a natural process. However, rates of heating can be dramatically reduced when high
levels of shade exist and solar radiation loading is minimized. The overriding justification for a
reduction in solar radiation loading is to minimize longitudinal heating. A limiting factor in
reducing longitudinal stream heating is that there is a natural maximum level of shade that a
given stream is capable of attaining.

Stream Surface Shade - Defined

Stream surface shade is an important parameter that controls the stream heating derived from
solar radiation. Solar radiation has the potentia to be the largest heat transfer mechanism in a
stream system. Human activities can degrade near stream land cover and/or channel morphol ogy,
and in turn, decrease shade. It follows that human caused reductions in stream surface shade
have the potential to cause significant increases in heat delivery to a stream system. Stream shade
levels can also serve as an indicator of near stream land cover and channel morphology
condition. For these reasons, stream shade is afocus of this analytical effort.

Shade is the amount of solar energy that is obscured or reflected by vegetation or topography
above astream. Shade is expressed in units of energy per unit area per unit time, or as a percent
of total possible energy. In contrast, canopy cover is the percent of the sky covered by
vegetation or topography. Shade producing features will cast a shadow on the water while
canopy cover may not. In order to assess the ability of riparian land cover to shield a stream from
solar radiation, two basic characteristics of shade must be addressed: shade duration and shade
quality. The length of time that a stream receives shade can be referred to as shade duration.

The density of shade that affects the amount of radiation blocked by the shade producing features
isreferred to as shade quality. Effective shade (Figure 1) is amount of potential solar radiation
not reaching the stream surface and is a function of shade duration and shade quality.
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Effective Shade Defimed
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Figure 1. Definition of Effective Shade

In the Northern Hemisphere, the earth tilts on its axis toward the sun during summertime months
allowing longer day length and higher solar atitude, both of which are functions of solar
declination (i.e., a measure of the earth’ s tilt toward the sun) (Figur e 2). Geographic position
(i.e., latitude and longitude) fixes the stream to a position on the globe, while aspect provides the
stream/riparian orientation. Near stream land cover height, width and density describe the
physical barriers between the stream and sun that can attenuate and scatter incoming solar
radiation (i.e., produce shade) (Table 21). The solar position has a vertical component (i.e., solar
atitude) and a horizontal component (i.e., solar azimuth) that are both functions of time/date
(i.e., solar declination) and the earth’s rotation (i.e., hour angle measured as 15° per hour). While
the interaction of these shade variables may seem complex, the mathematics that describes them
isrelatively straightforward geometry. Using solar tables or mathematical simulations, the
potential daily solar load can be quantified. The measured solar load at the stream surface can
easily be measured with a Solar Pathfinder© or estimated using mathematical shade ssimulation
computer programs (Boyd, 1996 and Park, 1993).
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Geometric Relationship that Influence Shade Production

Solar Altitude and Solar Azimuth are two basic measurements of the sun's

position. When a stream's cnentation, geographic position, rnparian condition
and salar pogition are known, shading characterstics can be simulated.

Solar Altitude messures the yedicgl component of the sun's position
Solar Azimuth measures the horzontal companent of the sun's position

)
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Figure 2. Parameters that Affect Shade and Geometric Relationships

Table 21. Factorsthat influence stream shade.

Description Parameter
Season/Time Date/Time
Stream Characteristics Aspect, Channel Width
Geographic Position Latitude, Longitude
Vegetative Near Stream Land Cover Height, Width, and Density
Characteristics
Solar Position Solar Altitude, Solar Azimuth

bold type indicates factors that are influenced by human activities
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System Potential Effective Shade - Defined

Primary factors that affect shade are near stream vegetation height and channel width (i.e.
bankfull width). The maximum level of shade practical at a particular site is termed the “system
potential” effective shade level. System Potential Effective Shade occurs when:

1 Near stream vegetation is at a mature life stage
Vegetation community is mature and undisturbed from anthropogenic sources;
Vegetation height and density is at or near the potential expected for the given plant
community;
Vegetation is sufficiently wide to maximize solar attenuation; and
V egetation width accommodates channel migrations.

2. Channel width reflects a suitable range for hydrologic process given that near stream
vegetation is at a mature life stage
Stream banks reflect appropriate ranges of stability via vegetation rooting strength and
floodplain roughness;
Sedimentation reflects appropriate levels of sediment input and transport;
Substrate is appropriate to channel type; and
Local high flow shear velocities are within appropriate ranges based on watershed
hydrology and climate.

System Potential Land Cover

As listed above, "System potential land cover” is necessary to achieve “system potentia effective
shade,” and is defined for purposes of the TMDL as "the potential near stream land cover
condition that can grow and reproduce on a site, given: climate, elevation, soil properties, plant
biology and hydrologic processes.” System potential does not consider management or land use
as limiting factors. In essence, system potential is the design condition used for TMDL analysis
that meets the temperature standard by minimizing human related warming.

System potential is an estimate of the condition where anthropogenic activities that cause stream
warming are minimized.

System potentia is not an estimate of pre-settlement conditions. Although it is helpful to
consider historic land cover patterns, channel conditions and hydrology, many areas have been
atered to the point that the historic condition is no longer attainable given drastic changesin
stream location and hydrology (channel armoring, wetland draining, urbanization, etc.).
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Potential Natural Vegetation
Spatial Distribution of Potential Natural Vegetation

Potential natural vegetation cover was estimated from habitat type descriptions provided by
Hansen et al. (1995). We determined the riparian habitat types from Hansen et al. (1995) most
likely to apply to Crooked Creek. Estimated habitat type conditions were intended to provide
general representations of expected natural vegetation conditions throughout Crooked Creek.
Estimated habitat types are not necessarily representative of current conditions around Crooked
Creek.

The upper reaches (from Horse Flat Creek to Lake Creek, but not including the large meadow)
were included in the grand fir/lady fern (Abies grandis/Athyrium filix-femina) habitat type. The
very headwaters (above Horse Flat Creek) may be in more of a subalpine fir habitat type.
Hansen et al. (1995) included a subal pine fir/bluejoint reedgrass (Abies lasiocarpus/
Calamagrostis canadensis) habitat type that may be representative. The large, grassy meadow
near Dixie Work Center and airstrip was included in the Coyote willow (Salix exigua var.
exigua) or tufted hairgrass (Deschampsia cespitosa) habitat type depending on whether or not the
meadow was once willow dominated or grass dominated. The lower reaches (below Lake
Creek) are either in the Douglas fir/red-osier dogwood (Psuedotsuga menziesii/Cornus
stolonifera) habitat type or the ponderosa pine/common chokecherry (Pinus ponderosa/ Prunus
virginiana) habitat type. Figure 3 illustrates the spatial distribution of these vegetation
communities along Crooked Creek.

Figure 3. Distribution of Potential Natural Vegetation Communities along Crooked Creek

Fotentlal Vegetation Community Distribution

] Ponderosa Pine/Common Chokecherry Habitat Type
B Couglas FirRed-Osier Dogwood Habitat Type

[ ] Meadow Habitar Type
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Canopy Cover of Potential Natural Vegetation

For each habitat type, Hansen et al. (1995) provided average canopy cover, the range of canopy
covers, and the constancy (% of sampling sites that contained the species) for species recorded in
sampling plots. A weighted average canopy cover was calculated for each of the habitat types by
summing the product of the average canopy cover and constancy for each tree species within
each habitat type group. These calculations are presented in Table 22. It isimportant to note
that these calculated cover values represent expected conditions based on the Habitat Type
conditions presented above. These calculated canopy cover vaues should be viewed as a genera
representation of expected conditions within these habitat type groups. It must also be noted

that, the Crooked Creek riparian area may contain other species not represented in this Table.

Table 22. A summary of species, canopy cover, and constancy for Habitat Types along
Crooked Creek (from Hansen et al. (1995))

Grand Fir/Lady Fern Habitat Type

Grand fir (Abies grandis) 30% average cover (100% constancy) = 30
Subalpine fir (Abies lasiocarpus) 3% average cover (20% constancy) = 0.6
Paper Birch (Betula Papyrifera) 3% average cover (20% constancy) = 0.6
Western Larch (Larix Occidentalis) 12% average cover (40% constancy) =5
Spruce (Picea spp.) 20% average cover (60% constancy) = 12
Black Cottonwood (Popuus trichocarpa) 2% average cover (40% constancy) = 0.8
Douglas fir (Psuedotsuga menziesii) 9% average cover (60% constancy) =5
Rocky mountain maple (Acer glabrum) 13% average cover (100% constancy) = 13
Mountain Alder (Alnus incana) 22% average cover (40% constancy) = 9

Total weighted average cover = 76%

Subalpine Fir/Bluejoint Reedgrass Habitat Type

Subalpine fir (Abies lasiocarpus) 32% average cover (100% constancy) = 32
Spruce (Picea spp.) 38% average cover (100% constancy) = 38
Whitebark Pine (Pinus albicaulis) 1% average cover (20% constancy) = 0.2
Lodgepole Pine (Pinus contorta) 17% average cover (50% constancy) = 9
Mountain Alder (Alnus incana) 2% average cover (20% constancy) = 0.4

Total weighted average cover = 80%

Meadow Habitat Type

Current
Tufted hairgrass (Deschampsia cespitosa) | 42% average cover (100% constancy)
Potential
Coyote Willow (Salix exigua var. exigua) 82% average cover
Douglas Fir/Red-Osier Dogwood Habitat Type
Narrowleaf Cottonwood (Populus angustifolia) 50% average cover (9% constancy) =5
Quaking Aspen (Populus tremuloides) 21% average cover (30% constancy) = 6
Black Cottonwood (Populus trichocarpa) 44% average cover (43% constancy) = 19
Douglas fir (Psuedotsuga menziesii) 25% average cover (100% constancy) = 25
Red-osier dogwood (Cornus stolonifera) 11% average cover (43% constancy) =5
Common chokecherry (Prunus virginiana) 10% average cover (43% constancy) = 4

Total weighted average cover = 64%

Ponderosa Pine/Common Chokecherry Habitat Type

Ponderosa pine (Pinus ponderosa) 27% average cover (100% constancy) = 27
Green Ash (Fraxinus pennssylvanica) 4% average cover (19% constancy) = 0.8
Common chokecherry (Prunus virginiana) 30% average cover (100% constancy) = 30

Total weighted average cover = 58%
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Height of Potential Natural Vegetation

Nationally recognized (Forest Service Fire Effects Information System) mature vegetation
heights for each of these species are presented in Table 23. To provide a“redlity check,” tree
heights presented in Table 23 were compared to tree height values measured within the Nez
Perce National Forest (NPNF) (Figure 4), and they are reasonably comparable (i.e. the mature
heights fall within the range of measured heights on the Forest). It isimportant to note that
current conditions illustrated in Figur e 4 were developed from data that included all age classes
(i.e., young to mature), and included “ disturbed” vegetation, not just mature trees. Mature tree
heights were chosen for the remainder of the analysis to provide an addition to the margin of

ety

Table 23. Mature Vegetation Height Condition

(from the USDA Forest Service Fire Effects Information System (www . fs.fed.us/databaseffeis))

Vegetation Type Heiaht Ranae (ft) Sudoested Value
Grand Fir (Abies grandis) 131to 164 148
Engelmann Spruce (Picea engelmannii) 45to0 130 88
Douglas Fir (Psuedotsuga menziesii) 100;? l\:/Llﬁto Igvtgi.o%léuca, 110
Subalpine Fir (Abies lasiocarpa) 60 to 100 80
90 to 130 (var.
Ponderosa Pine (Pinus ponderosa) ponderosa, Pacific 110
Ponderosa Pine).

Rocky Mountain Maple (Acer glabrum) 20to 30 25
Red-osier Dogwoo;je(rcilcoerg)us stolonifera or C. 31019 11
Chokecherry (Prunus virginiana) 31019.5 12
Serviceberry (Amelanchier alnifolia) 31026 15
Paper Birch (Betula Papyrifera) 70to 80 75
Western Larch (Larix Occidentalis) 164 (“Typical”) 164
Black Cottonwood (Popuus trichocarpa) 100 (“Common”) 100
Mountain Alder (Alnus incana) 6to 15 11
Whitebark Pine (Pinus albicaulis) 50to 70 60
Lodgepole pine (Pinus contorta) 50 — 100 (var. latifolia) 75
Narrowleaf Cottonwood (Populus angustifolia) 60 60
Quaking Aspen (Populus tremuloides) <48 40
Green Ash (Fraxinus pennssylvanica) 66 66

Coyote Willow (Salix exigua var. exigua) 6to12 8
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Figure 4. Measured Tree Heights in the Nez Perce National Forest (1989 — 1993)
(USFS Data, 2002)

Estimated Community Composition of Potential Natural Vegetation

Community composition dimensions for each of the Habitat Groups are presented in Table 24.
This table shows the process by which dimensions for a composite shade producing vegetation
are attained for each habitat type. The weighted average canopy cover from Table 22 is shown
in the first column of numbers. These cover values for each speciesin the habitat type are
converted to arelative proportion of the total cover in the second column of numbers.

Vegetation heights from Table 23 are shown in the third column of numbers, and those heights
are weighted based on relative cover to form the fourth column of numbers. Estimated overhang
for the entire habitat type is then calculated as 10% of the total weighted height of trees (33% for
shrubs). Thus, for example, the Grand fir type has a weighted average cover of 76%, a weighted
height of 98 feet, and an estimated overhang of 9.8 feet. These values are used in the effective
shade curve analysis to represent the composite shading potential of the all the speciesin the
habitat type.

The average tree height condition within mature tree height range was included in subsequent
effective shade analysis. Height values for several “ Shrub” species were estimated in the upper
range of expected values, except for the Meadow Habitat Group (i.e., Coyote Willow), which
was dlocated at the average value within the mature range of heights.
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Table 24. Potential Natural Overstory Vegetation Composition along Crooked Creek

PNOV Habitat Overstory Weighted Ave. Relative Vegetation Weighted Height Estimated
Type species Canopy Cover Proportion of Height (ft) (ft) (Proportions Overhang (ft)
(%) Total (%) * Height)
Grand Fir 30 39 148 58
Spruce 12 16 88 14
Douglas Fir 5 7 110 7
Rocky Mountain Maple 13 17 25 4
Grand Fir/lLady Fern Subalpine Fir 0.6 1 80 1
Paper Birch 0.6 1 75 1
Western Larch 5 7 164 11
Black Cottonwood 0.8 1 100 1
Mountain Alder 9 12 11 1
Composite 76 98 9.8
Subalpine Fir 32 40 80 32
Spruce 38 48 88 42
Subalpine Fir/Bluejoint Lodgepole Pine 9 11 s 8
Reedgrass Whitebark Pine 0.2 0 60 0.2
Mountain Alder 0.4 1 11 0.1
Composite 80 83 8.3
Coyote Willow 82 100 8 8 2.6
Meadow
Tufted Hairgrass 42 100 2 2 0.8
Douglas fir 25 39 110 43
Red-Osier Dogwood 5 8 11 1
Common Chokecherry 4 6 12 1
Douglas Fir/Red-Osier Narrowleaf
Dogwood Cottonwood 5 8 60 5
Quaking Aspen 6 9 40 4
Black Cottonwood 19 30 100 30
Composite 64 83 8.3
Ponderosa Pine 27 a7 110 51
PE}Z?gg;?%%n Green Ash 0.8 1 66 1
Chockcherry Common Chokecherry 30 52 12 6
Composite 58 59 5.9
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Shade Curves - Surrogate Measure

As presented earlier in this document, stream surface shade production is a function of geometric
relationships between the sun's position and topography, near stream land cover and channel
features. Stream surface shade at estimated potential natural vegetation community composition
conditions (see Table 24 above) was simulated using computer software developed by Oregon
Department of Environmental Quality8.

Over the years, the term shade has been used in several contexts, including its components such
as shade angle or shade density. For purposes of the shade curves, shade is defined as the percent
reduction of potential direct beam solar radiation load delivered to the water surface. Thus, the
role of effective shade in this TMDL isto prevent or reduce heating by solar radiation and serve
as a linear trandator to the solar loading.

The non-point source assessment demonstrates that stream temperatures warm as a result of
increased solar radiation loads, due to anthropogenic disturbance to near stream vegetation and
channel morphology. A loading capacity for radiant heat energy (i.e., incoming solar radiation)
can be used to define a reduction target that forms the basis for identifying a surrogate. The
specific surrogate used is percent effective shade (expressed as the percent reduction in potential
solar radiation load delivered to the water surface). The solar radiation loading capacity is
trandated directly (linearly) by effective solar loading. The definition of effective shade alows
direct measurement of the solar radiation loading capacity.

Asnoted in Table 21, channel width is an important component of shade production. That is, it
becomes progressively more difficult to shade ariver with a particular vegetation conditions, as
the channel width increases. Channel width is best described as the “ Near-Stream Disturbance
Zone” (NSDZ), which is defined for purposes of the
shade curve as the width between shade-producing
near-stream vegetation. Where near-stream
vegetation was absent, the near-stream boundary

was used, as defined as armored stream banks or T e
where the near-stream zone is unsuitable for ' B\ Disturbance
vegetation growth due to external factors (i.e., A8 el
roads, railways, buildings, etc.). It isimportant to Y e Sl
note that bankfull width and NSDZ are often TS WemedWian=20n T e
similar. : e

Factors that affect water temperature are interrelated. The surrogate measures (percent effective
shade and channel width) rely on restoring/protecting riparian vegetation to increase stream
surface shade levels and reducing the NSDZ width (by reducing stream bank erosion and
stabilizing channels), which will reduce the surface area of the stream exposed to radiant energy.
Shade is more effective on narrow streams than on wider streams given the same flow of water at
a given point because shadows cast by trees cover a greater percentage of the stream surface.
Effective shade screens the water’ s surface from direct rays of the sun. Highly shaded streams
often experience cooler stream temperatures due to reduced input of solar energy.

8 This shade calculator has been used by Oregon Department of Environmental Quality and Washington Department
of Ecology during the development of temperature TM DL s during the past several years.
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Effective shade curves were developed using vegetation conditions for Crooked Creek, as
described in Table 24 (Figures 5 through 10). These curves are independent of location on the
stream within a particular habitat type. Because effective shade is a measure of energy, aload in
termsof Langleys per day can be directly calculated from this value. Given a measured or
estimated channel width (e.g., NSDZ) and the directional aspect of a stream, the percent effective
shade or the solar radiation loading can be estimated from the following graphs. It is best to
have site-specific measurements of channel width and stream aspect (and vegetation for that
matter) to produce an effective shade estimate at a specific location. In the case of Crooked
Creek, because the site-specific information is based on interpretations of relatively coarse GIS-
based information, the effective shade estimates are not precise for a particular location. To
improve the estimates, actual channel width and aspect data would have to be collected in the
field at someinterval. The more frequent the interval, the more accurate the estimate.

As an example of how the effective shade curve works, let’s say you have alocation on a stream
in a Grand fir habitat type where the aspect is NE (45°), and the channel width (NSDZ) is five
meters. Figure 5 shows that the sguares line representing 45° from North intersects the 5-m
NSDZ grid where solar loading is about 58 Langleys/day and the potential effective shadeis
approximately 90%. In asimilar stream in the same vegetation type, but with a 15-m wide
channel, the potentia effective shade is less than 75% (~156 ly/day solar loading). Actual
effective shade may be less that these values at these stream sites due to disturbance. A solar
pathfinder set up at the site could measure actual effective shade. Comparisons between actual
and potentia effective shade demonstrate how far from the target is the existing stream
condition.

For the meadow habitat types (Figures 7 and 8), the shape of the curve is much different than
forest based curves. Due to much lower vegetation height, a stream with a particular aspect will
show rapid and substantial decreases in potentia effective shade as the channel width increases.
This is due to the fact that lower meadow vegetation cannot shade wide streams as well as trees
can.
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Surrogate Measure

Effective Shade

Figure 5. Effective Shade Curve — Application in Grand Fir/Lady Fern Habitat Type
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Figure 6. Effective Shade Curve — Application in Subalpine Fir/Blugoint Reedgrass Habitat Type
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Surrogate Measure

Figure?.
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Figure 8. Effective Shade Curve — Application in Meadow Habitat Type — Tufted Hairgrass
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Figure 9. Effective Shade Curve — Application in Douglas Fir / Red-osier Dogwood Habitat Type
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Figure 10. Effective Shade Curve — Application in Ponderosa Pine/Common Chokecherry Habitat Type
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Effective Shade and Temperature - Role of Local Condition

The local features affect the potential effective shade conditions along a stream. Along
with the channel and vegetation features (illustrated above), local geographic features
affect the potential stream shade
conditions. For example, stream
elevation is used for calculating solar
radiation loading and solar position. In
addition, stream aspect and topographic
shade partly determine the effectiveness
of vegetation in providing shade to the
stream surface. For these reasons, stream
elevation, aspect and topographic shade
angle were sampled for Crooked Creek
from a 30-meter digital elevation models
(DEMSs) (see image to right) at 100 foot
intervals. Sampling was accomplished
using GIS tools developed for this
specific application (www
deg.state.or.us/wq /TMDLS/
WQAnaTools.htm). Sampling landscape
features at a high resolution, from available data sets, enables a detailed evaluation of
additional landscape conditions that, in addition to near stream vegetation conditions,
may be influencing effective shade conditions along Crooked Creek, and ultimately
affecting the temperature of the river. Both sampled elevation and gradient data are
plotted for Crooked Creek in Figure 11. Topographic Shade Angles calculated from the
DEM are presented in Figure 12. Stream Aspect is presented in Figure 13. Finally,
stream valley bottom widths, defined as a maximum one meter eevation increase from
the stream bottom (defined as a 1:24K stream layer), are presented in Figure 14.

Figure 11. Stream Elevation and Stream Gradient along Crooked Creek.
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http://www.deq.state.or.us/wq/tmdls/wqanaltools.htm

Figure 12. Topographic Shade Angle along Crooked Creek.
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Figure 13. Stream Aspect along Crooked Creek.
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Figure 14. Valley Bottom Width along Crooked Creek.
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These figures illustrate that Crooked Creek travels through several distinct areas, from
upper reaches that experience relatively low gradients and topographic angles,
downstream to an area with very high gradients and topographic angles. In addition, the
upper reaches of the river travel through areas that are much less confined than in the
lower reaches of the river (as defined by the rough estimates of valley bottom width
illustrated in Figureld). Thisisespecialy evident within Dixie Meadow. All of these
factors will affect the ability of the near stream vegetation to provide shade to the river,
as well as determine the particular water temperature response from the energy balance
affecting the river.

Estimate of Effective Shade Along Crooked Creek

An estimation of effective shade conditions for Crooked Creek was developed using
physical information illustrated above, along with detailed vegetation conditions
presented in Table 24. It isimportant to note that the resulting effective shade profile
developed from this effort utilize the same algorithms used to create the shade curves
(Figures 5 though 10), however this effort will contain a spatial component.

Estimate of Bankfull Channel Width

The only factor not developed from the work presented above is channel width (i.e.,
NSDZ or Bankfull Width). Accordingly, this parameter must be estimated from available
information. Leopold et. a (1964) proposed that channel width tends to increase linearly
with increases in drainage area. Rosgen (1996) reported that bankfull width can be
estimated as a function of width to depth ratio and cross-sectional area.

BFW = JW :D-A

Where: Ay is the Bankfull Cross-Sectional Area (ft?)
W:D is the width to depth ratio

Figure 15 illustrates the regional curve for bankfull cross-sectional area (Ay) and
drainage area (DA) in the Upper Salmon River Basin (USGS Professional Paper 870-A).
As noted above, Crooked Creek was segmented by vegetation habitat types (see Table 2).
GIS was used to calculate the upstream contributing area
(DA) at the lower end of each of these unique habitat Stream Type s
types (Figure 16). Upstream contributing areas between
these locations were estimated through interpolation.
Bankfull Cross-Sectional Area was then estimated using
the relationship presented in Figure 15. Width to depth
ratio values were assigned values derived from
published ranges for level | stream types (Rosgen 1996).
Target Bankfull Width values for each of these Rosgen Level | Stream Types were
estimated using the equation listed above (Figure 17). Target values developed during
this exercise were used to develop channel width conditions used in Effective Shade
Calculations.

Lewel | Width to Depth

@|=imlo|lo|om|=
=
=
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Figure 15. Bankfull Cross-Sectional Area as afunction of Drainage Area in the Upper
Salmon River Basin, Idaho (Emmett, 1975)
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Figure 16. Upstream Contributing Areas within Crooked Creek
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Figure 17. Bankfull Width as a Function of Width to Depth Ratio and Drainage Area
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Accordingly, Rosgen level | classification can be used to estimate approximate bankfull width
conditions through applying the equation listed above. Rough estimates of Rosgen level |
classification for Crooked Creek were estimated from gradient information (Figure 11), and local
knowledge. Figure 18 illustrates the approximate bankfull width conditions that would be
expected as a potential condition along Crooked Creek. Thisinformation was used, along with
aspect (Figure 13), topographic shade angle (Figure 14), and elevation (Figure 12) to calculate
expected potential shade when applying vegetation communities along Crooked Creek (Table
24) (Figure 19).

Figure 18. Estimated Bankfull Widths in Crooked Creek

L
Wilderness |
Baundary |
30— T Vallay I

(Flosges Lewsl | - 5]

-
=]
1

Sierp Shepe
[Rasgen Level | < B

Yary Sieep Slope
Fesgan Lavel | - &)

Estimated Banktull Width {feat)
[ X [ =]
k=] =

Ay
L=
|

o T T |
n 1 2 3 4 3 6 7 & 9 1011 1213 14 15 16 17 18 19 20 21 22
River Mile

Figure 19. Estimated System Potential Effective Shade in Crooked Creek
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LOADING CAPACITIES

Crooked Creek, as it advances down a steep canyon towards the Salmon River, becomes
increasingly exposed to hotter, drier conditions and a change in vegetation communities from
cold forests to dry forests, and eventually to shrub or grass dominated communities. Using the
shade curves in combination with GlS-based local condition information, we have estimated the
effective shade under potential natural vegetation to vary from approximately 95% in the
headwaters to 40% at the mouth of the stream (Figure 19). The potential effective shade of 85 to
95% in the upper reaches coincides with communities dominated by cold forest conifers
(subalpine fir and grand fir). In the lower half of the stream, forest community types are more
typical of dry forests dominated by ponderosa pine and Douglas fir. Potential natural vegetation
in the lower reaches has dightly lower effective shade from 50% to 80%. Additionaly, the large
meadow complex near the Dixie Work Center and airstrip would have an effective shade under
potential natural vegetation (coyote willow meadow) of approximately 58%.

Figure 19 al so presents the thermal loading to the stream under these effective shade scenarios.
Thus, the loading capacity of the stream is represented by the red line in Figure 19, and varies
from less than 60 Langleys/day in the headwaters to as much as 300 Langleys/day at the mouth
of Crooked Creek in the Salmon River canyon. The meadow area near the airstrip and Dixie
Work Center has a loading capacity of about 240 Langleys/day. As Crooked Creek turns
southwest and begins its decent into the Salmon River canyon, the loading capacity decreases to
120 to 180 Langleys/day for several miles, then increases to 240 —300 Langleys/day.

WASTELOAD ALLOCATION

There are no permitted point sources within the Crooked Creek drainage, therefore there is no
wasteload allocation for thermal loading to Crooked Creek.

LOAD ALLOCATION

Because the goal of this TMDL isto achieve a natural temperature regime to reduce stream
temperatures as far as they will go, there is essentialy no load alocation. The entire loading
capacity of the stream is dedicated to achieving a natural condition as much as possible. Thus,
the loading capacity presented in Figure 19 is equal to the natural background load. Thereisno
thermal load that is dedicated to a nonpoint source activity.

TARGETS

To determine existing condition in the absence of solar pathfinder data, actual canopy coverage
for Crooked Creek was visually estimated from 1996 aerial photographs at more or less 200-feet
elevation intervals from the mouth to the headwaters. Table 25 shows these canopy estimates
compared to those effective shade targets determined by the model. Unfortunately, stream
segment intervals in Table 25 are not the same as river mile segments used in the effective shade
modeling above. Rough comparisons to river mile are provided for some elevational intervalsin
Table 25.
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Table 25. Canopy coverage estimates for 25 stream segments on Crooked Creek. The dashed
line indicates the location of the Gospel Hump Wilderness boundary. (RM = river mile.)

Stream Approximate | Segment Aerial Photo Potential Difference Between

Segment River Mile L owest Existing Effective Existing and

Number Elevation Cover (%) Shade (%) Target Cover (%)

(feet)
1(Mouth) RM 0 2080 50 50 0

2 RM 1.1 2200 40 50 10
3 RM 2.5 2400 40 50 10
4 RM 3.4 2600 40 50 10
5 RM 4 2800 20 50 30
6 RM 4.8 3000 20 50 30
7 RM 5.2 3200 40 60-75 20-35
8 RM 5.7 3400 30 60-75 30-45
9 RM 6.2 3600 30 60-75 30-45
10 RM 6.6 3800 30 60-75 30-45
11 RM 7 4000 50 60-75 10-25
12 RM 7.8 4200 50 60-75 10-25
13 RM 8.2 4400 50 60-75 10-25
14 RM 8.8 4600 50 80-90 30-40
15 RM 9.4 4800 60 80-90 20-30

(OWilderness)
16 RM10 5000 60 85-90 25-30
17 RM 10.6 5060 20 60 40*
18 RM 12.6 5200 40 60 20
19 RM 14.5 5400 50 90-95 40-45*
20 RM 15.7 5560 0 85-90 85-90*
21 RM 16.4 5600 20 85-90 65-70*
22 RM 18.2 5800 20 90-95 70-75*
23 RM 18.7 5840 60 90-95 30-35
24 RM 19.3 5880 70 90-95 20-25
25 RM 20 6000 70 90-95 20-25

(Headwaters)

*Problem Areas — those segments in need of the most rehabilitation.

To identify problem areas, the difference between the target effective shade and the existing
stream canopy cover were examined. Although existing canopy cover estimated from aerial
photos is not the same as effective shade, the difference between the two estimates serves as a
screening tool for highlighting problem areas along the creek.

The areas in need of the most restoration of vegetation are based on the difference between these
two percentages. The larger the difference, the greater the need for restoration. Increasesin
riparian and valley canopy cover should have a concomitant increase in effective shade and a
decrease in solar radiation loading consistent with the model, and thus, a decrease in water
temperature. Thisis a crude estimate of problem areas. In order to be more accurate, current
effective shade should be measured in the field. Headwaters of Crooked Creek (above Dixie)
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shows a difference in values from 20 to 35. Further down stream, the difference between target
effective shade values and existing cover in the upper segments (Dixie to the meadow), those
most impacted by legacy mining and current development, are from 40 to 90. In the meadow
itself, the difference is 40 assuming coyote willow returned to its full potential. Wilderness area
segments (middle and lower) show a 10 to 45 range in value differences.

In addition to areas with reduced canopy coverage, Crooked Creek likely has an increased width-
to-depth ratio as a result of dredge mining rearranging the stream, increased hydraulic loading,
and posibbly other riparian activities that have lead to downcutting and widening of the channel.
Figure 18 suggests that for this size of stream, bankfull width should vary from less than 10 feet
wide in the headwaters (Rosgen Level 1-A) to approximately 20 feet wide before the wilderness
boundary (Rosgen Level 1-B. DEQ has measured bankfull width of Crooked Creek at two
locations within this upper half of the stream. The first site near RM 14 had an average bankfull
width of 21 feet (based on three transects). This value is near the normal bankfull width of 18
feet predicted by Figure 18. However, the second site near RM 11 had an average bankfull
width of 32 feet, athird greater than the predicted 20 feet wide in Figure 18. Bankfull width data
collected by the Forest Service showed widths averaging less than 5 feet above the town of
Dixie, 18 feet below Dixie, and 62 feet near the mouth. Of these three, the latter two (18 and 62
feet) are dightly elevated. These data, although limited, suggest that perhaps the stream widens
alittle too much through the large meadow near the airstrip. Maintaining or reducing bankfull
widths to be consistent with Figure 18 may also prove usefull in reducing heat loads to the
stream..

Canopy cover and bankfull width data suggest that the area in need of the most improvement in
effective shade and channel dimensions is that area from the bottom of Dixie Meadow (RM 11)
to about Nugget Gulch (RM 17), where differences between potential effective shade and
existing canopy cover are greater than a value of 40.

MARGIN OF SAFETY

The margin of safety in this TMDL isimplicit in the development of the potential effective
shade. Effective shade is based on the hypothesis that the stream will experience a complete
potential natural vegetal community along its borders al of the time. In redlity, plant
communities vary considerably with time as a result of natural disturbance (fire) and differential
growth rates of species. To acertain extent, that is evident in the comparison of existing canopy
coverage and the effective shade target for the wilderness section of Crooked Creek. Portions of
this section have been exposed to wildfire in the recent past, probably resulting in less cover than
is possible under potential natural vegetation. Nevertheless, there may be no greater margin of
safety than achieving natural conditions.

SEASONAL VARIATION AND CRITICAL TIME PERIODS

Temperature criteria are applied to different time periods due to differencesin life histories of
target species and different regulatory conventions. The target speciesin this analysis has been
spawning and rearing salmonids, especially bull trout. The spring salmonid spawning period
ends July 15, and the fall spawning period begins September 1¥. These spawning periods often
provide more than adequate time for spawning to actually occur. The federal bull trout criterion
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(10°C MWMT) applies during the summer months from June 1% to September 30", Therefore,
one of the lowest criteriais applied to the creek during the hottest time of the year. Considering
the fact that potential natural vegetation estimations include deciduous species as well as
conifers, the effective shade calculation targets the summer time period when the canopy should
be at its greatest extent.

Climatic conditions vary from year to year. This variation is evidenced in the stream
temperature data described above (Table 17 and 18). For example, 1994 seemed to have the
highest temperature statistics and 1995 had the lowest. In Table 18, the number of days
exceeding the federal bull trout criterion varies from alow of 229 daysin 1997 to a high of 319
daysin 1998, almost a 30% difference. The target effective shade should be consistent from year
to year despite changes in climate from year to year. The mgjority of plant species considered
are either long lived or receive their watering needs from the stream itself. The meadow is one
area that may have its canopy cover more affected by drought conditions than other habitat types.

Future Implementation

The increase in stream shading specified herein will improve (reduce) water temperatures. The
analysis conducted provides our best estimate, with given information and resources, of the
extent to which stream temperatures can be improved through increased shading. There remains
uncertainty as to whether current temperature criteria can be met throughout the length of this
stream. Upon implementation of shading improvements, including possible ancillary
improvements in channel dimensions and floodplain connectivity as a result of actions taken to
increase shade, an evaluation will be needed of other possible actions to meet the true thermal
potential of this stream.

It isimportant that along-term goal of achieving potentia effective shade be realized through
resource management objectives. Differences between the potential effective shade and the
existing cover vary from 0% to 90%, although for the majority of the stream the differenceis less
than 40%. All but one stream segment had less existing vegetative cover than effective shade
based on potential natural vegetation (Table 25). Differences found within the wilderness area
are probably the result of wildfire and to alesser extent legacy activities. In the upper reaches of
Crooked Creek, major differences (70 - 95%) occur between existing cover and potential
effective shade, an area roughly corresponding to the reaches between Horse Flat Creek and the
cemetery below Blane Creek.

Given the nature of the environment around upper Crooked Creek after a century of placer,
dredge and lode mining, it is very unlikely that canopy coverage can be increased to such high
levels without a tremendous amount of expense and time. The stream system for at least four
miles would need to be rehabilitated including the creation of proper channel dynamics
(including width-to-depth ratio), the addition of topsoil, and the planting of vegetation.
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We recommend the land owners (Forest Service and private) attempt any reasonable effort to
affect temperature in Crooked Creek including decreasing width-to-depth ratio in the stream
where possible, revegetation where possible, and the control of activities likely to affect
vegetative cover and channel characteristics. We also encourage the Forest Service to continue
to monitor stream temperatures to see what temperature reductions are achieved, to measure
existing effective shade through the use of solar pathfinders, and to take additional channel width
measurements (especially where shade is measured).
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